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F O R EW O R D  

In 1972 the Department of Geol ogy and Mineral Industries publ ished a report on 
the environmental geol ogy of the coastal region of Till amook and Cl atsop Counties, 
The primary purpose of that report was to provide basic geol ogic information about the 
coastal zone and to outl ine areas of geol ogic hazards. County official s and pl anners 
need this type of information in order to establ ish suitabl e zoning regul ations and l and­
use pl anning. Developers, engineers, and private citizens util ize the report to deter­
mine potential problems before and not after an engineering project or devel opment is 
undertaken. Large financial l osses and possibl e injury can thereby be avoided. 

This bul l etin, covering the inl and territory to the east, has been prepared at the 
request of Til l amook and Cfatsop Counties to com pi iment the coastal study. The rugged 
topography in the eastern parts of these counties produces probl ems of l and stabil ity 
that cannot be ignored. Proper guidance is needed for the increasing numbers of areas 
being opened up to summer homesites or other recreational uses. Geol ogic processes 
and their related hazards must be considered during the decision-making process so that 
the l ocal governmental agencies con corry out intel l igent pl anning for the future, It 
is the purpose of this study to provide that kind of information, 

R. E. Corcoran 
Oregon State Geol ogist 

Jul y 1973 
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INTRODUCTION 

P u r p o s e  

As development continues to encroach upon open land, private citizens, engineers, developers, 
planners, and county officials are experiencing an increasing need for information about geologic hazards. 
More and better information is needed regarding the landslide and flood potentials of much of Oregon. 
It is the purpose of this study to evaluate these and related hazards in inland Tillamook and Clatsop 
Counties. 

A knowledge of geologic hazards is an aid to the planner and an asset to the responsible developer. 
It promotes safe decisions which pay long-range dividends. Through the proper use of such knowledge, 
damages and liabilities can be minimized. Moreover, maintenance costs can be reduced, especially in 
the construction of highways and roads. 

In analyzing the hazards of the inland area, the aim of this study is to provide data of a general 
nature to be used in future planning and development. It is the task of the planner, however, to arrive 
at a final decision regarding the wisest use of the land, In some areas the presence of a particularly 
critical hazard may override all other considerations. In many areas the weight of nongeologic input may 
justify development if corrective measures are taken. The planner must consider input from a number of 
sources in addition to geology; rarely do geologic conditions directly dictate policy. 

Geologic processes will continue to hove a major effect on the uplands in the future. Human 
activities in this region must be considered in the I ight of these processes and their related hazards so that 
intelligent planning can incorporate an understanding of them into the decision-making process, Efficient 
land use and safety in inland Tillamook and Clatsop Counties can be served by the use of information 
presented in this report. 

Pr e v i o u s W o r k 

The study area is relatively far removed from population centers and is lacking in significant min­
eral wealth; it has been the focus of very little geologic investigation. Warren and others (1945) and 
Wells and Peck ( 1961) provided reconnaissance map coverage of the area in regional studies of much 
larger scope. Topical studies of the geology of Saddle Mountain and related volcanic rocks were conducted 
by Layfield (1936a,b) and Baldwin (1952). Baldwin and Roberts (1952) included port of the Nestucca 
River drainage in their map of the Spirit Mountain (Grand Ronde) quadrangle. Dodds (1963) mapped the 
western half of the Svensen quadrangle. 

Flood data along the major streams is recorded by Hulsing and Kallio (1964) and Woananen and 
others (1971), and site investigations for several possible damsites along the Nehalem River ore provided 
by Young and Colbert (1965). This study is on inland continuation of the coastal investigation of Tillamook 
and Clatsop Counties by Schlicker and others (1972). 

S o u r c e s  o f  D a t a  

The geologic and hazards maps are based upon field investigations, aerial photographic investiga­
tions, previous pub I ished and unpublished reports, and numerous discussions with others having geologic 
experience in the area. Quarry data were provided by the Oregon State Highway Division, and ground­
water data were provided by the Portland office of the Water Resources Division of the U. S. Geological 
Survey, 



2 I N LA N D  T I L LAM O O K A N D  C LA T S O P  C OU N T I ES 

I m p l e m e n t a t i o n  o f  T h i s  S t u d y  

I n  usi ng this bu l l et i n  t he p l anner shou ld  first consult the geo logic hazards maps and the geo logic 
maps ( in pocke t) to ident ify potential hazards . A l i st o f  re comme ndat ions is g ive n  i n  the summary to 
assist h im . He shoul d  the n consul t the supporting text to eval uate the hazards in more deta i l . 

I f  i t  is determi ned that hazards may ex ist at the s ite of a proposed deve l opme nt,  the devel oper 
shou ld be req ui red to demonstrate a so l ut ion to the prob l em .  I n  most areas this should i nvo l ve an on-site 
reassessment  of the geo logic conditions on a sca l e  large r  than  that of thi s  reconnaissa nce i nvestigat ion . 
I f  critical probl ems do exist,  the p l anners shoul d  requi re that the devel oper obta i n  the services  of a com­
petent engineer i ng geol ogist to perform a more r igorous on-site i nvestigation . The e ngi neering geologist 
shou ld  assess the feasib i l i ty of the project and out! ine the corrective measures needed to i nsure that the 
hea l th ,  safety , and we l fare of the publ i c  are not threatened . 

I n  many areas the pote ntia l  e ffe ct of a geologic hazard is dependent upon the nature of the proposed 
devel opme nt and not sol e ly  on the geo logic co nd itio ns . For i nstance , the constra ints posed by a l a rge 
supermarket are considerably more restrictive than those posed by a s i ngl e tra i l er home . L i kewise a si ngl e 
dwel l i ng i n  an  i so lated area of mass moveme nt topography may be stabl e ,  w hereas high density deve lopme nt 
wou ld  pose se rious probl ems . 

I n  future years various aspects of th is study wi l l  no doubt be incorporated into revised and refi ned 
zoni ng regul ations , bu i l d i ng codes , a nd other documents .  Po l i cy statements and standards w i l l d irectly 
and ind irectl y i ncorporate muc h  of  the i nformation that i s  prese nted here . The standards needed for the 
orderly implementation of the general conc l us ions presented in th i s  report w i l l require additional invest­
igation in many instances and much thought and d i sc ussion on the part of  the p lanners . 

For the present the p l anner wi l l wish  to use this study i n  the most compre hens ive and rea l i stic way 
possib l e .  Fol low i ng the procedure out l i ned above , this study can be used to oversee a nd regul ate l arge 
projects ,  such as subd ivis ions,  and projec ts in a reas of  critical hazards . The p lanner may a l so w ish to 
refe r  to this study i n  advis ing parties i nvo l ved i n  sma l l e r ,  l e ss demandi ng developments in  areas of  l ess 
critica l  hazards . 

A c k n o w l e d g m e n t s  

The author greatly apprec iates the cooperation and he lp  given by many i ndividua l s  and organiza­
tio ns in the preparation of th is report.  Spe c ia l  acknowl edgme nt is made to Jack D. Lesch , T i l l amook 
County PI  anne r ,  and the members of the C l atsop-T i l l amook Counci l  of Governme nts, who were i nstrumental 
in i ni tiating this study . T he assistance of Robert Logan , Director , a nd Ray Hi nds and C ary V l ahovich  of  
the State Division of  Loca l  Government Rel ations i s  a l so appreciated . 

Robert J. Deacon of S hannon & W i l son assi s ted i n  fi e l d  reco nnaissance i nvestigations i n  the early 
stages of this study . Dennis R i ttenback of the C l a tsop-T i l l amook Counc i l  of Governme nts provided much 
of  the data prese nted in the geograph ic  section of  th i s  report, and F .  J .  Frank of  the U .  S .  Geo l ogica l  
S urvey provided the wel l data upon which m uch  of  the ground-water section i s  based . T he photography 
and preparation of pr i nts for th is  publ i cation were by Greg Paul , s tudent at Portl and State Un iversity . 

The author a l so wishes to express appreciation to the staff members of the State of Oregon Department 
of Geol ogy a nd Mi neral I ndustries for the ir  he l p  in prepari ng this report for publ i cation . Grati tude is 
extended to Mari l y n  E .  Lawson,  Steve n R .  Renaud , C aro l J .  Brookhyser ,  and Margaret L .  Steere . Specia l  
thanks is extended to Herbert  G .  Sch l icker and Robert J .  Deacon for the i r  he l pful suggestions and i nform­
ative d iscussions , particu lar ly  in regard to the section on Geo l og ic  Hazards . 



G E OGRAPH Y  

L o c a t i o n  a n d E x t e n t  

T he study area i s  made up o f  the Col umbia River Va l l ey i n  northeastern C l atsop County and the 
dra inage basins of the N e ha l em ,  Wi l son ,  Trask , and N estucca Rivers i n  in l and T i l l amook and C l atsop 
Cou nties ,  Oregon (Fig ure 1 ) . Some of the upl and areas separating the major streams are not i nc l uded 
in the i nvestigation . Total extent of the study area is approximate ly 820 square m i l e s .  
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The study area l ies with in  the Sve nse n ,  Cath lamet ,  Saddle  Mo unta i n ,  Birkenfe l d ,  Enright , T i mber , 
B l a i ne ,  and Grand Ronde 1 5 '  quadrangl e s .  Access i s  provided by U . S .  H ighway 30 a long the Col umbia 
R iver ,  State H ighway 202 and a co unty road a l ong t he N ehalem River, State H ighway 6 a l ong the Wi l son 
R iver ,  the Trask H ighway and Trask S ummit Road a long the Trask R iver,  and a county road a long the 
N estucca River . U . S .  H ighway 26 (Sunse t H ighway )  passes d iagona l l y  throug h the reg ion , and numerous 
secondary paved and unpaved roads provide restri cted access to the more remote areas . 

C l i m a t e  a n d V e g e t a t i o n  

Ow i ng large ly  to the i nfl uence of the ocea n the c l imate of the upl ands i s  moist , marine , and 
temperate . Summers are genera l l y  cool a nd winters are mi l d .  The average annual prec ip itation exceeds 
80 i nches throug hout most of the region, exceeds 1 20 inches  in parts of  the Trask R iver dra inage , and 
approaches 1 50 i nches  i n  the upper reac hes of the W i l son R iver . Prec ipitation occurri ng i n  t he wi nter 
months (October through March) amounts to 75 to 85 perce nt of total annual precip itation . Snowfal l 
is moderate i n  the i nterior,  averagi ng 4 feet per year at Lees C amp a long the W i l son  R i ver . 

Fog and c l oudy weather are the ru l e  dur ing the winter mont hs . Moderate ra i ns are common and 
may l ast for days . Severe rainstorms , when they occur, often resu l t  i n  fl ooding of the low l ands and fl ash 
flooding of s ide channe l s  in the up lands . Re lative humidity i s  genera l ly high . 

T he maximum temperature recorded i n  the T i l l amook upl ands was 1 06°  F i n the bottom of the W i l son 
R iver canyon at Lees Camp (Rittenback,  written communicatio n ,  1 972) . A minimum of 8° F has bee n  
recorded a short distance from the study area a t  Vernonia . Average m i nimum temperature ranges from 
35° F i n  Jan uary to 48° F i n  August . Average maxi mum temperature ranges from 49° i n  Ja nuary to 69° 
in August . T he growi ng season at Lees Camp is 1 40 days . 

Forest growth i n  the upl ands is genera l ly young ow ing tc the extensive damage of the T i l l amook 
burns in the 1 930's . Many s l opes remain  on ly sparse ly  forested . E l sewhere conifer trees domi nate the 
vegetat ion . The most common native trees are Doug I as fir ( Pseudotsuga mensi esi i ) ,  Grand fi r (Abies 
grandis ) ,  Western hem l ock (Tsuga heterophy l l a ) ,  Western red cedar (Thuja pl i cata ) .  Red a l der (A l nus 
rubra) dom inates the creek bottoms .  Other minor spec ies  found 1n the uplands include Large - leafed map l e  
(Acer Macrophyl l um) , Vine mapl e (Acer circi natum) , Pac i fic dogwood (Cornus nutta l l i i ) ,  Pac ific bl ue 
e l derberry (Sam buc us caerul ea) , a nd Western bl ueberry (Va cc i nium u l igi � . 

Po p u I a t i o n T r e n d s a n d L a n d U s e 

F ig ures re l eased by the U .  S . Department of C e nsus ind ica te that the popu l ation of T i l l amook County 
decl ined from 1 8 , 995 in 1 960 to 1 7 , 930 in 1 970 (-5 . 4  percent) . The popul ation of C l atsop County in­
creased from 27, 380 to 28, 473 (+4 percent) during the same period . The popul ation of upl and T i l l amook 
County is very sma l l  and t hat of up land C l atsop County is dec l i ning . The Knappa -Brownsmead and Sve nsen 
areas of northern C l atsop County i ncreased 25 percent and 2 1  percent respect ive l y  between 1 960 and 1970 . 

Land use trends refl ect t he l oss i n  popul at ion . The fisheries i ndustry is at low ebb and logging and 
l umber ing industries are dec l in ing after peaking i n  1 952 . Dairy ing and farming,  which employ re l ative ly  
few peop l e  on a ful l - time basi s ,  are hol d ing steady . The minera l  industry i s  neg l igib l e .  



D Area inc luded in  thi s  s tudy . 

Area i nc l uded in  Envi ronm enta l  G eo logy 
9_f the Coasta I Region of Ti l lamook and 
C la tsop Counties, Oregon (Sch l icker, 
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Figure 1 .  I ndex ma p for in land Ti l lamook a nd C la tsop Counti es, Oregon . 
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G E O G R A PH Y 

I n  the years ahead the esthetic appeal of the uplands w i l l become i ncreasingly  evident to the 
surrounding more popu l ated areas . Various forms of  recrea tion and tourism inc l ud ing fishi ng, sw imming, 
h ik ing, s ight -see i ng, and b ig game hunt ing w i l l exert a grow ing impact on the up lands area . Al ready , 
ove rni ght and day-use fac i l i t ies  are located a long the Neha l em,  W i l so n ,  Trask , and Nestucca R ivers . 
I n  addition, l arge corridors a long the Neha l em and Trask R i vers have T i l l amook County deed restri ctio ns 
for Cou nty park and recreation purpc ses . 
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As the need for improved access deve lops , the need for road construction and mai ntenance wi l l 
cont inue to grow . I n  the val l ey bottoms, homes, summer cottages ,  and travel -oriented fac i l i t ies w i l l  
conti nue to appear . I n  order to maximize the benefits and min imize the dangers i nherent i n  t hese and 
other deve lopments , a coherent re gional land-use p lan  w hi c h  i nc l udes  a considerat ion of geol ogi c hazards 
i s  required . 

T o p o g r a p h y 

The study area is underl a i n  by mounta ins ,  gent l e  s l opes a nd h i l l s  a long the Col umbia R i ver , deeply 
i nc ised canyons along the W i l son and Trask R ivers, ro l l i ng topography a l ong the N e ha l em River , and 
moderate ly  h i l l y country a long the Nestucca R ive r .  I n  t he northern Sve ns-en quadrangl e ge ntly d ipping 
vol can ic  rock under ly ing N ico l a i  Mounta in (3 , 020 feet) forms a gent le  slope towards the Col umbia R iver 
to the nort h .  W ickiup Mounta i n  (2, 702 feet)  to the west i s  separated from N ico l a i  Mounta in  by the deep 
canyon of Big C reek,  the ma jor dra inage in the area . 

Typical  peak e l evations i n  the N e ha lem River Bas in  are about 1 , 800 fee t  i n  t he lower reaches, 
1 , 300 fee t i n  t he m idd le  and upper reaches i n  the Saddl e Mounta in  quadrangl e ,  and 2, 800 feet i n  t he 
southern Birkenfe ld  quadrangl e . Rei ief  is genera l ly  1 ,  000 feet or l ess except at Saddl e Mounta in  (e l e v .  
3 , 283 fee t) and Humbug Mounta in  (e l e v .  approximately 2, 500 feet) ,  which  rise 2 , 000 feet and 1 , 300 
feet respectively above the surrounding ridge crests . Ma jor streams i ncl ude the Sal monberry R iver ,  F ish­
hawk C reek , L i ttl e Fishhawk C ree k ,  the L i t t le  North Fork of the Neha l em River,  W hee l e r  Creek ,  and 
B uster Creek . 

T he W i l son R iver  drai nage bas in  i s  characterized by steep rocky canyons and sharp crest l i nes , w h ic h  
rise to e levations o f  3 , 226 feet a t  Ki ngs Mountai n and 3 , 409 feet a t  Hembre R idge .  Re l ief i s  approximate ly  
2 , 000 to  2 ,500 fee t .  Major streams i nc l ude E l k  and Dr i ft C reeks i n  t he upper reaches of the W i l son R iver  
and Jordan and Fox C reeks i n  the middl e rea ches . 

The hi ghest peaks i n  the dra i nage bas in  of t he Trask R iver are Gol d  Peak (2, 847 feet )  a nd Edwards 
Butte (3, 1 68 feet) . Maximum rel ief  is approximatel y  2, 500 feet  in t he north-central parts of the Bl ai ne 
q uadrangl e .  Farther south a long the South Fork of the Trask R iver ,  peak e l e vations are lower and creek 
e l evations are h igher so that rel ief  is ge nera l l y  1 , 500 feet  or l ess in the cent ra l  B la ine quadrangle .  Major 
streams i nc l ude the North ,  East , and South Forks of the Trask River, Edwards Creek ,  and Bark Shanty C ree k .  

Peaks in t he N estucca River dra inage inc l ude Mo unt Hebo ( 3 ,  1 74 feet ) ,  H igh Peak (2 , 800 feet ) ,  
a nd Grindstone Mountain  (3,  01 2 feet) . E l evations of the  N estuc ca R ive r vary from 200 feet  on the west 
to 800 fee t  on the east . Al though maximum re l ief  in the area i s  s imi l ar to tha t  of the W i l son R iver ,  s lope 
a ngl es are more moderate and the overal l terra i n  i s  more gent l e .  Major streams dra i ning south i nto the 
N estucca River i nc l ude Moor , Bays ,  C l arence , a nd S l ick  Rock C reeks . Streams drai ning north i nc l ude 
Al der, L imestone , and N iagara Creeks . 
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F igure 2 .  S tra ti graphic and time chart for geologi c uni ts in th e study area . 
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GEOLOGY 

G e o l o gi c  Un i t s  

Indurated rocks ranging in age from middle Eocene to upper Miocene underlie the project area 
(Figure 2). They include three Eocene volcanic rock units totalling 20,000 feet in thickness, one undif­
ferentiated Eocene sedimentary rock unit (T esu) at least 5, 000 to 10,000 feet thick, up to 5, 000 feet of 
undifferentiated Oligocene to Miocene sedimentary rock (Toms), approximately 500 feet of sandstone of 
middle Miocene age (Tmms), up to 1,400 feet of middle Miocene volcanic rock (Tmv), and up to 1,000 
feet of upper Miocene sandstone (Tmus). Tertiary intrusive rock (Ti/Tic) of Eocene and Miocene age cuts 
all the stratigraphic units except the upper Miocene sandstone. Manti ing the consolidated rock units are 
terrace deposits (Qt) along the major streams and alluvium (Qal) along the Columbia River. 

Eocene volcanic rock unit-1 (Tev-1) 

The lowermost stratigraphic unit in the mapped area (Tev-1) is composed primarily of volcanic rocks 
and is exposed in the lower valley walls of the upper Nestucca drainage in the southern Blaine and northern 
Grand Ronde quadrangles. The rocks were treated as part of the Tillamook Volcanics by Warren and others 
(1945) and as part of a lower Eocene basalt unit (Telb) by Wells and Peck (1961). 

Eocene volcanic rock unit-1 consists of up to l ,000 feet of volcanic rock ond subordinate baked 
sedimentary rock. The base is not exposed, The volcanic rocks consist of thick massive flows of dense 
pillow basalt (Figure 3) up to 100 feet in thickness and massive basaltic flows of zeolite-cemented lapilli 
tuff and tuff breccia up to 30 feet thick (Figure 4). The baked sedimentary rocks include thin-bedded 
siltstones and sandstones. Radiolarians have been recovered from them locally. The unit as a whole is 
riddled with numerous dikes and sills of basaltic rock, and several quarries situated along the Nestucca 
River utilize this intrusive rock. 

A middle Eocene age is inferred for the unit on the basis of its stratigraphic position beneath a 
thick late Eocene section and the presence of Ulatisiar� foraminifers (Macleod, oral communication, 197 2). 
The unit may be equivalent to the Siletz River Volcanics of Snavely and Baldwin (1948) to the south, or 
it may represent a presently unrecognized episode of middle Eocene volcanism. Schlicker and Deacon 
(1967) document the presence of a volcanic unit immediately beneath the Yamhill Formation in the western 
Tualatin Valley to the east, 

Eocene sedimentary rock undifferentiated (Tesu) 

All Eocene sedimentary rock in the mapped area which is not arbitrarily included in the Eocene 
volcanic rock units and which underlies the uppermost occurrence of the Eocene,yolcanic rock is included 
in this unit. It includes sedimentary rock at a variety of stratigraphic levels including the interval between 
Tev-1 and Tev-2 in the Nestucca drainage, the interval beneath Tev-2 in the Wilson and Trask River 
drainages, and the interval between Tev- 2 and Tev-3 in the Birkenfeld and Saddle Mountain quadrangles, 
In view of the widespread distribution and moderate to gentle attitudes within the unit, a conservative 
estimate of its total thickness is between 5,000 and 10,000 feet. 

From scattered observations throughout the mapped area it is concluded that the Eocene sedimentary 
rock unit grades from medium-bedded hard and soft siltstone and sandstone low in the section in the Wilson 
and Trask Rivers to faintly and thin-bedded siltstones and subordinate basaltic sandstones in the middle of 
the section and ultimately into arkosic sandstones and siltstones high in the section.along the Sunset Highway. 

Low in the section the interbedded sandstones and siltstones vary from a few inches to a few feet in 
thickness and exhibit a lateral persistence that is suggestive of a turbidite origin (Figures 5 and 6). 
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F i gure 3 .  Pi l low structures in basaltic flow rock (Tev- 1 )  near Al der 
Glen Forest Camp (sec . 32, T. 4 S . ,  R .  7 W .) in the middle 
reaches of the Nestucco River. Note the well-defined boundaries 
and radial jointing of the pillows. 

F i gu re 4. Thick flow breccias (Tev-1) overlying less resistant baked 
sedimentary rock in the m i ddle reaches of the Nestucco River (sec. 
3, T. 4 s. I R. 8 w.). 



GEOLOGY 

Figure 5. Exposure of Eocene sedimentary rock undifferentiated (Tesu) 
along middle reaches of the Trask River (sec . 25, T. 1 S. , R .  8 W . ). 
Presence of rhythmic sandstone interbeds and abundant micaceous 
and carbonaceous material ore suggestive of Tyee equivalence. 

Figure 6. Well-bedded sedimentary rock of the undifferentiated Eocene 
sedimentary rock unit (Tesu) in the Trask River (sec . 25, T. 1 S . ,  
R .  8 W . ) .  Similar exposures with o consistent southward dip ore 
exposed intermittently for a distance of 2 mi les in the river bed. 

9 
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The sandstone interbeds are l i th ic  to arkosi c and invariab ly mi caceous . I n  p laces the rocks a l so are high 
i n  orga nic content , Overa l l they are qui te si m i l ar to parts of the Tyee Formation exposed e l sewhere i n  
the  northern Coast Range . Th i s  part of the  und i ffere ntiated Eocene sedime ntary rock unit i s  particu lar ly  
we l l  exposed at " the bend"  (see s .  1 ,  1 2 , T .  1 S . ,  R .  8 W . ,  and sec . 7 ,  T .  1 S . ,  R .  7 W . )  of the  W i l son 
River (F igure 7) a nd in the v ic inity of t he Trask Guard Station a l ong the Trask R i ver . 

Hi gher i n  the section the Eocene sedime ntary rock un i t  passes i nto a sequence of orange -brown ,  
gritty ,  tuffaceous , thin-bedded si l tstone and basa l ti c  sandstone (Figures 8 and 9 )  w h i c h  loca l l y  d i spl ays 
sphero idal weather ing . Th in  i nterbeds of tuff stand out as resi stant r ibs in p l aces . N ear C edar Butte 
i mmediately west of the mapped area basa l ti c  wackes up to 60 feet  thick and finer-gra i ned sediments 
rich in fossi l p ine needl es and l eaves are reported (N e l son and Shearer , 1 969) . Shal low-water deposit ion 
i n  bas ins adjacent to vol canic  i s la nds is suggested . 

A long the Sunset H ighway to the north the stratigraphica l l y  h ighest l eve l s  of the undiffere ntiated 
Eocene sedime ntary rock unit  are exposed above Eocene vol co nic rock unit-2 .  They consist of a com p i  ex 
series of tuffaceous , th in-bedded , gritty s i l tstones over l a i n  by massive , medi um- to fi ne -grai ned , micaceous , 
a rkos ic ,  friab le  sandstone . I nterca l a ted wi th  the sed ime ntary rocks are submarine accumul ations of p i l l ow 
pal agonite breccia and basa l ti c  flow rock a nd assoc iated fl ank i ng deposits of basa l t ic conglomerate and 
thi ck-bedde d ,  greenish-gray , med i um - to very coarse -gra ined , gritty basa l ti c  sandstone . A shal low-
water environment of deposi t ion  i s  suggested . For equi va l ent strata to the east Van Atta ( 1 971 ) i nterprets 
a l it toral to subl ittoral regime on the basis  of foss i l  remains ,  p l ant debr i s ,  gra in  texture , and primary 
sed imentary structures . 

The undi ffere ntiated Eocene sed ime ntary rock unit is i nterpreted to range throughout the l ate Eocene . 
The Tyee -l i ke sedime ntary rock deep in  the W i l son River  Canyon is tentatively assigned a U l atisian age 
on the basis of m icrofossi l s  (N . S .  Macleod , ora l  comm uni cation 1 972) . Strata higher in the section 
beneath the Eocene vo l canic  rock un i t-2 may range i nto the l ate part of the l ate Eocene . Megafossi l s  
associated with  t he exposures i n  the B i rkenfe l d  quadrangl e establ ish a l a te st Eocene age for the upper part 
of the und iffere ntiated Eocene sedime ntary rock unit in that area . 

Because the Eocene sedimentary rock un it  is a composite unit i ncorporat ing rocks of many strat i­
grap hic l e ve l s, i t s  stra tigraphic  re l ationships w i th other un its  are variabl e .  Strata in the  Nestucca R iver 
dra i nage a re bel ieved to be conformab l e  over Eocene vo l canic  rock unit- 1 .  Strata high in the section 
a long the Sunset H ighway are bel i eved to be conformab l e  over Eocene vol canic  rock unit-2 and conform­
ab le  under Eocene vo lcanic roc k un i t- 3 .  Much of th e stra ta i n  th e Wi l son River and Trask River dra inages 
may under l i e  th e Eocene vo l canic roc k un i t- 2 w i th a ngu lar unconform i ty .  N e lson a nd Sh earer ( 1 969) map 
such an unconformi ty in the Cedar Bu tte area , and regiona l ma pping by Snave ly  and Mac leod (ora l com­
munica tion,  1 972) e l sewhere i n dicate th e presenc e of a reg iona l unconform i ty w i th in  th e late Eocene .  
A long the Wi lson River a tti tudes w i th i n  Eocene vo l canic  roc k un i t-2 are common ly  much gen t l er tha n  m eas­
ured a tti tudes in nearby exposures of under lying undifferentia ted Eocene sedim entary rock (Tesu) . 

Eocene vo l can ic  rock un i t-2 (Tev-2) 

Eocene vo lcanic  rock unit-2 co nsists of 1 5 , 000 fee t  or more of vo l canic  rock and subordinate inter­
cal ated sedime ntary rock which l ie strati graphica l l y above und ifferentiated Eocene sedimentary rock in 
the W i l son and Trask R iver dra inages . Addi tional exposures are a l so  present a l ong the middl e and lower 
reaches of the N ehal em R iver. The unit caps the core of the northern Coast Range and is the most exte n­
sive unit  i n  the  mapped area . Eocene vo lcanic  rock un i t-2 was i nc luded in  the Ti l lamook Vo lcanic series 
by Warren and oth ers ( 1 945) a nd was trea ted a s  lower Eocene basa l t  (Te lb) and a s  upper Eocene volcanic 
a nd sedimentary roc k (Teuv) by We l l s  and Pec k ( 1 96 1 ) . 

Eocene vo lcanic  rock unit-2 co nsi sts of submar ine flow rock ,  basa l t i c  l ap i l l i  t uff, and tuff bre ccia 
in the southern Sadd l e  Mountain  a nd northern Enright quadrang les ,  tuff breccias i n  the southern Enright 
a nd northern B la ine quadrang le s ,  tuff breccia a nd sed imentary rock i n  the  southern B l a i ne and northern 
Grand Ronde quadrang les ,  and subaerial  fl ow-on-flow basa l t  in the Timber quadrangle and the unmapped 
middl e portions of the Enright quadrangl e .  Spec i fi ca l l y ,  exposures a long the N eha l em R iver are typ i fied 
by massive , porp hyrit ic,  local l y  amygda lo idal and local ly  p i l l owed flow basa l t  with i nterbeds of ora nge 
to gray , fa i nt ly  bedded to th in-bedded s i l tstone high in the sectio n .  



Figure 7 .  Dike of porphyritic igneous rock cutting 
baked sedimentary rock (Tesu) low in the strati­
graphic section at the bend of the Wilson River 
(sec . 7. T .  1 S., R .  7 W . ) .  Lorge si l ls  and 
coarse-grained instrusive bodies crop out nearby . 
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Figure 8. Thin-bedded sil tstone of the undifferentiated 

Eocene sedimentary rock unit (Tesu) cropping out 
immediately downstream from Blaine (sec . 30, T .  4 
S . ,  R .  8 W .) a long the Nestucco River. Interbeds 
of fine-grained basa ltic sandstone are present .  
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Figure 9.  Exposure of undifferentiated Eocene sedimentary rock (Tesu) 
near the contact with the overlying volcanic rock (Tev-2) along 
Keenig Creek Rood in the Enright quadrangle (sec . 26, T .  1 N . ,  
R .  8 W . ) . Note the distinct thin bedding and the interbeds of tuff. 
Not apparent in the photo ore interbedded flows of crumbly basa l t .  

Figure 10 .  Massive basaltic breccia of Eocene volcanic unit- 2 .  I n  
this exposure much of the matrix of low temperature minerals and 
zeoli tes has been washed away leaving the actual basa ltic fragments 
standing in relief. 
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Figure 1 1 . Exposure of flow basalt assigned to Eocene volcanic rock 
unit-2 and located along the crest of Hembre Ridge (sec. 1 1 ,  T .  1 
S . ,  R .  7 W .) . A horizontal contact separates on upper lighter 
colored flow from the lower darker flow. Pi I low structures are 
present in p laces in the lower flow. 

Figure 1 2 .  Pi l low structure in dense Eocene volcanic flow roc k .  
Pillow structures ore indicative o f  fl owage under water and are 
present in Eocene volcanic unit-1 and ports of Eocene volcanic 
unit-2. 

13 
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Figure 1 3 .  Thin subaerial flows of basa lt (Tev-2) exposed in the West 
Fork of E lk  Creek in the Timber quadrang le .  Tops and bottoms of  
i ndividual flows exhibit brecciation, and thin reddish baked zones 
are common between flows. 

Figure 14. Hi llside of subaerial Eocene volcanic rock (Tev-2) a long 
the Wi I son River (sec. 35, T .  1 N . ,  R .  6 W . )  in which bands of 
vegetation define horizon to I bedding. Severo I flows are exposed 
in the road cut. 
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Exposures in the southern Enright and northern Blaine quadrangles are dominated by massive flows 
of zeolite-cemented l apil l i  tuff and tuff breccia. The angular fragments of the tuffs and breccias are 
composed of aphanitic greenstone (Figure 10). Dense flows of fresh, massive, dark-gray pillow basalt 
are well developed locally. Exceptional exposures are present on the lower reaches of the Wilson River 
and on the Hembre Ridge (Figures 1 1  and 12). The relative proportion of sedimentary rock in the unit 
appears to increase towards the south in the central and southern parts of the Blaine quadrangle.  

At least 2,000 feet of subaerial flow-on-flow basalt dominates the section in the Timber quadrangle 
(Figures 1 3  and 14). Individual flows average 10 to 20 feet in thickness and are characterized by reddish 
lower baked zones, vesicular to scoriaceous upper surfaces, and remarkable lateral persistence. The basalt  
is dense, aphanitic to porphyritic, greenish black, and i n  places displays remarkable columnar jointing 
(Figure 15). Locally near the base of the subaerial flow section are a variety of atypical breccias and 
other vol canic rocks of uncertain origin. One specimen consisted of 25 percent zeol ite amygdules, 10 
percent pyroxene phenocrysts, 5 percent reddish lithic fragments, and 60 percent light-gray groundmass. 
Similar rocks are exposed locally along the Salmonberry River i n  the northwestern Enright quadrangle 
(R. K. Perttu, oral communi cation, 1972). 

Eocene volcanic rock unit-2 is late Eocene in age. It overlies undifferentiated Eocene sedimentary 
rock with Yam hill affinities in the Wilson River Canyon and overlies strata from which late Eocene foram­
inifers have been recovered near Blaine. Latest Eocene Cowlitz megafossils are associated with rocks 
assigned to the unit in the Birkenfeld quadrangle (Warren and others, 1 945). Eocene vol canic rock unit-2 
is believed to unconformably overlie sedimentary rocks (Tesu) in the Wilson River Canyon. 

Figure 15. Columnar jointing in Eocene volcanic rock unit-2 along 
the east side of Drift Creek i n  the upper reaches of the Wilson 
Ri ver Canyon. Columnar jointing is indicative of a subaerial origin. 
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Eocene vol canic  rock unit-3 (Tev-3) 

I nc l uded in  this  un it  are up to 3 , 000 fee t of l atest Eocene basa l t  exposed north of the Sunset High­
way in  the B i rkenfe l d  a nd eastern Sadd l e  Mountai n  quadrangl es . A l though reg ional re l at ionships have 
been various ly i nterpre ted , it is here bel ieved tha t  the vol can ic  rock is situated stratigraphica l l y  above 
Eocene vol canic rock unit-2 and that it is separated from it by 500- 1 , 000 feet of und i fferentiated Eocene 
sedime ntary strata (Tesu) . The exposures were i nc l uded i n  the Ti l l amook Vol can ic  Series by Warren and 
others ( 1 945) and were treated as upper Eocene basal t (Teub) by Wel l s  and Peck (1961 ) .  Van Atta ( 1 97 1 )  
treated the exposures a s  part of the Gob l e  Formation . 

With in  the unit the main rock types i nc l ude dark-gray to b l ack porphyri t ic and nonporphyri t ic  sub­
marine and subaerial basa l t  flows and pyrocl ast i c  depos i ts . F ive mi l es upstream from Jewe l l  on the north 
bank of the N e ha l em R iver subaeria l  mudfl ow bre ccias consi st ing of a crumbly matrix and l arge c lasts of 
d ike rock,  vo lcanic rock,  and baked sed imentary rock are exposed . Al ong the Sunset H ighway the undif­
ferent iated Eocene sedime ntary rock unit is i ntruded with basa l tic d ikes and s i l l s  of a l l  s izes, the l arger 
d ikes probab ly  fed the l ate Eocene vol ca nism represented by the Tev-3 uni t . 

A l atest Eocene age is interpreted for the Eocene vol canic  unit-3 on the basis  of the abundant 
Cow l i tz-age foss i l s  recovered from the sediments which  under l ie  it . The exposures are s imi lar  to the 
vol canic accumul ation at Cascade Head which a l so over l ies l atest Eocene strata and stradd les  the Eocene­
Ol igocene time boundary . Eocene vo l canic  rock un i t-3 is overl a in  wi th  probable conform ity by Ol igocene 
to Miocene sedime ntary rock (Toms) .  

01 i gocene to  Miocene sedimentary rock (Toms)  

O l igocene to  Miocene sedimentary rock (Toms) is w idely exposed in  the northern Birkenfe l d ,  ce ntra l 
Saddl e Mountai n ,  and southern Svensen and Cathl amet q uadrangl es . The rocks were previousl y mapped 
as "Tertiary Sha les"  by Warren and others ( 1 945) and as "marine Miocene sedimentary rock , "  and a 
variety of upper Eocene through Ol igocene sed ime ntary rock units (K eesey , Cow l itz , a nd Pittsburg B l uff 
Formations) by We l l s  and Peck ( 1 96 1 ) .  The un i t  is a continuat ion of the Ol igocene to Miocene sedimentary 
rock un it of Schl i cker and others ( 1 972) i n  coastal T i l l amook and C l a tsop Counties. Ava i l ab l e  foss i l  data 
and map data i nd ica te that strata at the base of Sadd l e  a nd Humbug Mountains i ncorporated in to Toms 
in th is  report may actua l l y  be equiva l ent to the younger Astoria Formation . 

01 igocene to M iocene sedimentary rock i n  coasta l C l atsop and T i l lamook Count ies is at l east 5, 000 
feet t h ick (Schl i cker and others, 1 972) and a simi l ar th ickness is i nterpreted for the un i t  i n  i n l and C l atsop 
County . Low in t he section the unit consists of  wel l -bedded c l ayey s i l tstone with  occasional concretions 
and concretionary horizons . Th in  i nterbeds of arkos ic , friabl e sandstone are a l so deve loped in  p l aces . 
Med ium-gray , massive s i l tstone domi nates upsectio n .  The Ol igocene to Miocene sedimentary rock unit 
is t he l east resistant to weathering of al l units in t he mapped area; i t  is characterized by a subdued topo­
grap hic expression except in the immediate vi c i n i ty of intrusions . 

An O l i gocene age i s  i nd i cated for most of the O l igocene to Miocene sedimentary rock by the 
numerous fossi l  col l ectio ns recorded by Warren and others ( 1 945 ) .  Stra ti graphic  posi t ion above the l atest 
Eocene vo l canic  rocks of th is  paper is al so consistent wi th  such an i nterpretation . Astoria megafossi l s  
recovered from the base o f  Sadd le  Mountain by Warre n and others ( 1 945) a nd midd l e Miocene mi crofossi l s  
a l so recovered from near the base of the peak (Layfi e l d ,  1 936b ) suggest that Astoria-age strata are present 
immed iately benea th the protect ive cover of m idd l e  Miocene vol canic  rock which  makes up the peaks . 

The map d istribution of the Mioce ne vol cani c rock (Tmv ) i n  conj unction w i th the inferred presence 
of Astoria strata at the base of Saddl e Mounta in  and poss ib ly Humbug Mounta in  suggests an  unconformity 
between mudstones of O l igocene and earl y Miocene age and the Astoria Formation . T he Astoria -age 
strata directly overl ie o l der strata of probab l e  midd l e  01 igocene age . An unconform ity beneath the 
Astoria Formatio n i s  a l so interpreted at var ious local i t ies a long the Oregon coast (Snavely and others, 
1 969; S chl i cker and others, 1 972) . I n  this  report l ocal exposures of fi ne -grained Astoria-age strata are 
i nc l uded in the Toms unit  because they conform to the general concept of O l igocene and Miocene sedi ­
mentary rock, and their precise d i stribut ion i s  not known . 
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Midd l e  M iocene sandstone (Tmms) 

The midd l e  M iocene sandstone consists of a l l  the mappab le  sandstone wh ich immediate ly under l i e s  
the Miocene vo l canic  rock i n  the  Svensen and Cath l ame t quadrangl es . A l arge exposure i s  l ocated in 
the midd l e  reaches of Big Creek (Figure 1 6) and a sma l l er exposure i s  present 1 m i l e  south of Westport 
(F igure 1 7) in the Cath l amet quadrang le . I n  addit ion , strata mapped as upper Miocene sandstone (Tmus) 
on the upper west sl opes of Wickiup Mounta in  by Sch l icker and others ( 1 972) are here i nc I uded in  the 
middl e Miocene sandstone (Tmms) on the basis of strat igraphic pos i tion . 

The midd l e  M iocene sandstone consists of massi ve beds  of friab l e ,  medium- to coarse-gra ined , 
arkosic sandstone .  I ndividual beds greater than 50 feet i n  th ickness are common . No fossi I s  are present 
and a l it tora l , possib ly  sand -bar orig i n ,  i s  i nferred . A total th ickness of several hundred feet i s  l ikel y .  

The precise strat igraphic rel ationsh ips o f  the midd l e  Miocene sandstone are uncerta i n .  The unit 
may be equi va l ent to the Astoria Formation of S nave ly  and ot hers ( 1 969) as suggested by its strat igraphic  
occurrence d i rect ly beneath basa l ts of late Yakima and Yak ima petrograph ic  type (Snave ly and others ,  
1 973) . Equiva le nce with the S cappoose Formation  exposed farther to  t he east is a l so possibl e .  Equiva l e nce 
with the "sandstone of Wha l e  Cove" of Snave ly  and others ( 1 969) is not l i ke l y . 

Miocene vo l canic  rock (Tmv) 

Vo l canic  rock of Miocene age forms extensive exposures a l ong the Col umbia River in the Cathl amet 
and Svensen quadrangl es and composes the bul k of Sadd l e  Mounta i n  and Humbug Mountain  in the Sadd l e  
Mounta in  quadrangle t o  the sout h .  T h e  exposures were treated a s  part o f  the Co l umbia R iver l ava by 
Warren and others ( 1 945) and as Miocene i ntrusive rock and midd l e  Miocene basa l t  by We l l s and Peck ( 1 96 1 ) .  

The exposures a l ong the Col umbia R iver consist o f  up to 1 , 400 feet o f  dense , tho l e i i t ic , fl ow-on­
fl ow basa l t  of subaeria l origi n  i n  the vic in i ty of Brad l ey State Park and at N i co la i  Mounta i n .  On ly  the 
basal portions of some of the lowermost fl ows are pi l l owed or otherwise show signs of subaqueous co ndit ions 
in these areas . Northwestward in the lower  reaches of Big Creek and westward a l ong the crest of Wickiup 
Mounta in ,  breccias and p i l low l avas are the dominate l itho logy (Fig ure 1 8 ) .  I nterca l ations of mari ne 
sed ime ntary rock are a l so common local l y .  A northeast-tre nd i ng midd l e  Miocene strand I i ne is te ntati ve ly  
postu lated i n  the  B ig  Creek area . 

Petrochemica l l y  the fl ow-on-fl ow basa l ts exhibit both l ate Yakima (K ien l e ,  1 97 1 ; Snave ly  and 
Macleod , 1 973 ) and Yakima (Snavely and Mac leod , 1 973 ) affi n i tie s .  F low d irections o f  the upper flows 
at Bradley State Park ( l ate Yakima) are to the west accord ing to Kienl e ( 1 97 1 ) .  

The exposures at Humbug and Sadd l e  Mounta ins consist o f  a maximum of 1 ,  300 feet o f  massive , sub­
mari ne , basa l tic breccia and palagoni ti c  basa l t i c  breccia cut by i nnumerable th in  vert ica l  dikes which 
disp lay remarkable co l umnar jo int i ng in p laces . The breccias are the domi nant l i tho logy and consist of 
g l assy , fi ne -gra i ned basa l ti c  fragments of Yak ima petrol ogy (Macleod, oral  communication, 1 972) set 
in a matrix of finer vo l canic  debri s  and glass . 

T he bre ccias at Saddl e Mounta in  and Humbug Mounta in have been various ly i nterpreted as more 
or l ess local accumulat ions (Layfie ld ,  1 936b) and as l ocal ized remnants of a once far more extensive 
basa l ti c  breccia bfanket ( Ba l dwin,  1 952) . The numerous d ikes  throughout the interior of C l a tsop County 
are consistent with the view that t he breccias a nd flows were origina l ly of far greater extent than they 
are at present . The cl ustering of d ikes  at hi l l  1 794 two m i l es south of Humbug Mountain  suggests at l east 
that a t hi rd local accumul ation of Mioce ne basal t i c  breccia was orig ina l ly present in that area . 

The Yakima petro logy (N . S .  Macleod , ora l communication, 1 972) , of the Miocene basa l t ic 
breccias and their  posi t ion above fossi l i fe rous strata of m idd le  Miocene age suggest that the unit is midd l e  
Miocene in  age and has an abso l ute age o f  approximate ly  1 4  to 1 6  m i l l ion years . 
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Figure 16.  Massive arkosic sandstone of the middle Miocene sandstone 
(Tmms) exposed i n  the middle reaches of Big Creek (sec. 3, T .  7 N., 
R. 7 W . )  . Concretionary horizons define a gentle northerly dip.  

Figure 17. Massive, semi-friable, arkosic sandstone of the middle 
Miocene sandstone (Tmms) cropping out immediately beneath 
Miocene volcanic rock (Tmv) in the ridge south of Westport 
(sec . 2, T. 7 N . ,  R. 6 W.).  
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F igure 1 8 .  Pi l low s truc tures deve loped in the M iocene vo lcanic roc k 
(Tmv) i n  the lower reaches of Big Creek (sec . 29, T .  8 N . ,  R .  7 
W . ) . An underwa ter environm ent of coo l i ng is inferred for the 
lavas . Th e resu l t ing quarry roc k is poor i n  qua l i ty .  

Upper Miocene sandstone (Tmus )  

1 9  

The upper Miocene sandstone (Tmus) consists of 500 to 1 , 000 feet of conso l idated sandstone and 
m inor s i l tstone and overl ies the Miocene vol canic  rock (Tmv)  i n  the northern Sve nse n (Figure 1 9 ) and 
Cathl ame t  quadrangles . The lower parts of the unit are i nterbedded wi th the upper parts of the Miocene 
vol canic  rock at Brad l ey State Park , a long the l ower reaches of Hunt C reek ,  and on the upper s lopes of 
N icol ai  R idge and N icol a i  Mounta in (Fig ure 20) .  

T he upper Miocene sandstone is equival ent to part of the Astoria Ser ies  of Arnol d and Hannibal  
( 1 9 1 3) ,  part of the Miocene Series of Washburne ( 1 9 1 4) ,  the P l iocene (?) sandstone of Warren and others 
( 1 945) ,  and the Pl ioce ne marine sed ime ntary rocks of We l l s  and Peck ( 1 96 1  ) . I t  is equiva l ent to the 
upper Astoria Sa ndstone of Lowry and Ba l dwin ( 1 952) ,  and the P l iocene (? ) sandstone of Dodds ( 1 963 ,  1 970) .  
S trata mapped as part of the upper M iocene sa ndstone by Sch l i cker and others ( 1 972) high o n  t he west 
s lopes of Wickiup Mounta in are here considered to be part of the middl e Miocene sandstone (Tmms) on the 
basis of strati graph ic  posit ion . 

The lower parts of the upper Miocene sandstone consist primari ly  of friab l e ,  coarse- to medium­
gra i ned , massive , arkosic sandstone . Subaqueous sl ump bre ccias composed of randomly  oriented mudstone 
s labs floating i n  a sandstone matrix are present at C l i fton , Bradley S tate Park , and at the Gnat Creek 
Forest Park (Figures 21 and 22). The unit as a who le appears to be transgre ssive and passes upsection i nto 
c l ay-r ich,  fi ner  gra ined , thi nner bedded sandstones and si l tstones in the vic i nity of Aldri c h  Poi nt .  A 
greater te ndency for mass movement i n  th is area is attributed i n  part to the cha nge in l i t hol ogy . 
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Figure 1 9 .  Massive arkosic sandstone of the upper Miocene sandstone 
(Tmus) exposed along the Columbia River near Knappo Slough (sec . 
8 ,  T .  8 N . ,  R .  8 W . ) .  The unit lies stratigrophico l ly above the 
Miocene volcanic rock (Tmv) . 

Figure 20. lnterbed of upper Miocene sandstone (Tmus) in the upper 
port of the Miocene volcanic rock (Tmv) high on the slopes of 
Nicolai Mountain {sec. 8, T .  7 N . ,  R. 7 W . ) .  
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Figure 21. Blocks of thinly bedded sandstone set in a friable massive 
matrix of coarser grained sandstone in the upper Miocene sandstone 
(Tmus) a t  Gnat Creek Forest Pork. These features are interpreted 
to be subaqueous slump breccias . 

Figure 22. Additional subaqueous s l ump breccias a t  Gnat Creek Forest 
Park. Similar features are widespread in the lower part of the upper 
Miocene sandstone; undercutting by current action in an estuarine 
environment may be a possible explanation of their orig in .  

21 
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A brackish,  possibly estuari ne , environment of deposi tion is postul ated for the upper Mioce ne sand­
stone . Th e coarse gra i n  size a nd widespread s lum p breccias of the lower parts of the uni t  indica te a ppre­
c iab le current action . I n terbedded subaeria l basa l t  near Brad ley S ta te Par k and on Nico la i  R idge i ndicate 
sha l low water to conti nenta l  cond i tions . Th e tota l absence of fossi l s suggests tha t the envi ronment may 
not have bee n mar ine . 

T he upper Mioce ne sandstone is conformable over middle Miocene basa l t  having l ate Yakima affi n­
it ies (Snave ly  and others, 1 973) and it is late Miocene i n  age . Between C l ifton and Brownsmead the unit  
underl ies strata tentat ive l y  ass igned to the Troutda le  Formation with possib le  d isconformity (Lowry and 
Bal dwi n,  1 952) . 

Tertiary i ntrusive rock (Ti/Tic)  

Al l the  mappable i ntrusive bodi es of the study area are i ncl ud ed in  th i s  unit . Where the i ntrusions 
consist of a compl ex mass of d ikes and interspersed unmappabl e sedimentary rock ,  mappi ng of the i ndi vidual 
contacts was not attempted and the e ntire complex i s  referred to as an  i ntrusive comp lex (T ic) . I ntrusions 
wi th in  vol canic  terra ins are d i fficul t to del i neate i n  reconnai ssance studies and therefore a re here treated 
as part of the vo l canic units in which they occur . 

On the basis of I ithol ogy and l ocation of occurrence , the i ntrusi ve bod ies are eas i ly  grouped into 
two major episodes of magmatic act ivity ,  M iocene and Eoce ne . Miocene i ntrus ions are l imited primari ly 
to C l atsop County and consist of de nse , hard , aphanit ic d ikes and s i l l s .  Many of the d ikes  are grouped 
in c l usters around Sadd le  Mounta i n ,  Humbug Mounta in  and hi l l  1 794 two m i l e s  south of Humbug Mountai n .  
I n  addi t ion, many o f  the l arger d ikes such a s  those a t  Fl agpo l e  Ridge , Boi ler  R idge , and F i shhawk Fal l s  
define regional northeasterly structures .  Many of the smal l er i ntrusions throughout the m idd l e  Tertiary 
sha l es are not indicated on the map owi ng to the i r  smal l size . 

Eocene intrusions are mapped with i n  the undifferentiated Eoce ne sed ime ntary rock unit a long the 
Nestucca , T rask , and W i l son R ivers and a long Sunset H ighway in the B i rke nfe l d  quadrang l e .  They consist 
primar i ly  of dense , b lack basa l t i c  rock,  but a l so i nc l ude coarse-gra i ned gabbro . T hey genera l l y contain 
scattered dark phe nocrysts of pyroxene . Spheroida l weathering is common . Some of the rocks mapped as 
i ntrusi ves may , in fact , be vol cani c  in origi n .  

I n  the southeastern Enright quadra ngle a t  Fox C reek , Hembre Ridge , and Archer Road, (F igure 23) 
dense d ikes of gree nish-bl ack phaneritic basa l t are widespread and are l arge l y  responsib le  for the steep 
s lopes within the sedimentary sect ion . A l though parts of the major d ikes  are i nd icated on the geo logic 
map , the tota l  exte nt of the intrusions i s  much greater . I n  thi s  area stratigraphic  contacts between the 
vol canic  rock units and the sed ime ntary rock units are uncl ear and structures are uncertai n .  

A short d i stance to the west at the bottom o f  the canyon at the "bend o f  the W i l son River" , severa l  
hundred feet of igneous rock are  interpreted to  be i ntrusi ve in orig in . Sedime nts i n  the river bottom are 
extreme ly  baked , numerous s il l s  and dikes are present i n  the r iver  bed (Figure 7) ,  a nd coarse-gra ined 
gabbroic  bou lders are present i n  the stream bed immed iatel y downstream . I n  add ition,  cross-cutt ing 
re l ationships are apparent i n  the c l iff face . 

Al ong the Nestucca R iver  numerous bodies of dense i ntrusive rock are exposed and are uti I ized as 
quarry rock . T he i ntrusions apparent ly  were a sdurce of Tev - 1  and Tev-2 vol cani sm . To the north a long 
Sunset Highway much of the dike rock i s  aphanit ic a nd not porphyri t ic .  I t  is not d i stingui shab le  megascop­
ica l ly from intrusions of Miocene age el sewhere . However, location within Eoce ne te rra in beneath Tev-3 
vol canic units and association with numerous smal l er intrusions of known Eocene age favor an Eocene age . 
A l so ,  spheroids of dense , phaneri t ic  basa l t  weathering out i n  p laces resemble  Eocene d ike rock observed 
in the southeastern Enright quadrangl e .  

Quaternary terrace deposits (Qt) 

A l l  uvia l  terraces of e l evated , fl at-ly ing bodies of unconsol idated river sed iments I i ne the major 
streams of the mapped area i nc I ud i ng the North Fork of the Neha l em River  (Figure 24) , the W i l son  River, 
the Trask River, and the Nestucca R iver . The al l uvial  terraces were formed in  l ate P le i stocene times when 
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Figure 23. Spheroidal weathering developed in dense boso I tic si II 
rock o long Archer Road over looking Jordon Creek in the Wi I son 
River drainage (sec. 28, T .  1 N . ,  R .  7 W . )  . Spheroidal weath­
ering differs structura l ly  from pi l low structure primarily i n  its 
concentric, rather than radia l ,  jointing. 
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Figure 24. Alluvial terraces in the upper reaches of the Nehalem River. 
Danger of stream overflow in times of flooding is minimal in most of 
the study area owing to the widespread terraces in the volleys. 
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upl i ft of t he l a nd re l at ive to base l evel acce lerated erosion,  causing the r ivers to cut downward t hrough 
t he ir fl ood -p la in  deposits . 

The deposits co nsist of varyi ng proportions of poorly  sorted, indist i nct ly bedded sand , si l t ,  and 
c l ay with  i nterbeds of basa l t i c  pebbl es and cobbl es . Gravel s  are most abundant in t he terraces of the 
W i l son and Trask R ivers, where gradie nts are steep and streams are dra in ing  predominant ly vol canic  terra in . 
Thicknesses of the deposits are uncerta in but probably do not exceed 50 fee t  i n  most areas . The upper 
surfaces of t he terraces are genera l ly a few tens of .feet above river l eve l  dur ing periods of low d isc harge . 
Some of t he terraces i n  the upper rea ches of the North Fork of the N eha l em River are 50 feet or more 
above river l evel . 

Quaternary al l uvi um (Qal ) 

Young al l uvi um predomi nates i n  t he lowl ands a l ong the Col umbia River estuary and i n  t he l ower 
reaches of its major tributaries i nc l ud i ng B ig  C reek ,  Fert i l e Va l l ey Creek,  and G nat C ree k .  Thi ckness 
of t he deposits i ncreases away from exposures of bedrock and var ies from a few feet to possib ly as much as 
one hundred feet in some pl ace s .  No direct measure of t he thi ckness of  the depos its t hrough t he use of 
we l l  l ogs was made , however .  

The a l l uv ium i s  composed pr imari l y of sand and si l t ,  but i nc ludes gravel i n  the B ig  C reek a nd Gnat 
Creek areas . Both creeks dra in  nearby regions of basa l t i c  bedrock . Areas of peat deve lopment i n  the 
nort heastern part of the Svensen quadrangle are shown on the geo l og ic  hazards map . I t  is emphas ized , 
however, that peat may be present anywhere i n  t he subsurface in areas under l a i n  by al l uv ium .  

G e o l o g i c  S t r u c t u r e  

The crust of northwestern Oregon is  probabl y very th i n ,  not exceeding 1 6  k i l ometers in th ickness 
in p laces (Berg and Thiruvathuka l , 1 967a) .  Resisti vi ty stud ies indicate that it is primari ly  oceanic i n  
c haracter (Cantwe l l  and others , 1 965) . Recent t heories o f  p late tectonics suggest that i t  may represent 
Eocene sea fl oor that has been we l ded to the cont i nent . There may be no rocks o lder  than Eoce ne in t he 
subsurface of this  part of the state . 

The core of the Oregon Coast Range forms t he backbone of much of the study area and is interpreted 
to be a broad upwarp . It is genera l l y  described as a north-pl unging antic l i ne ,  a view whi ch overl ooks 
some deta i l s ,  but whi ch  does expl a in  many fundamental feature s .  To t he south the o ldest strat igraphic unit 
of the study area (Tev- 1 )  is  exposed l ow in  the canyons of t he midd l e  part of t he N estucca dra inage . I n  
the W i l son  R iver  drai nage t o  the north l ate Eocene vol canic  rocks (Tev-2) cap the ridges and ol der sed i ­
mentary rocks (Tesu) are exposed in  t h e  canyons . T o  the east and west north-str ik ing sedimentary and 
vol canic rocks of younger age occupy the l imbs of the anti c l i ne .  Farther north a long the Col umbia R iver 
north-dipping vol ca nic (Tmv) a nd sed imentary (Tmus) strata of midd l e and upper Miocene age respective l y  
cap the ridges a nd occupy t h e  nose of the anti c l i ne .  

A short d ista nce east of the mapped area a 'Sharp break i n  g ravi ty contours is  orie nted north-south 
(Berg and Thiruvathuka l ,  1 967b) and separates t he W i l l amette Val ley from axia l  parts of the Coast Range . 
A faul t of regiona l proportions i n  the subsurface may cause this abrupt anoma ly . I n  the western part of 
t he mapped area i n  the lower Wi l so n ,  Trask , and Nestucca Rivers a fau l t  is  indicated between exposures 
of l ate Eocene vol cani c rock (Tev-2) on the west and exposures of undifferent iated Eocene sedimentary 
rock (Tesu) on the east . Ava i lab le  att itudes and t he abrupt change of l i tho logy across the fau l ts tend to 
rul e out simpl e fol d ing or facies c hange . I n  addit ion,  the north-south a l ignment of the midd l e  reaches 
of the W i l so n  R i ver  in t he Enright quadrangl e ,  and the South Fork of the Trask River and N iagara and 
C l arence Creeks i n  the B l a ine quadrangl e may signa l  a fundamental north-south structural break i n  t he 
Eocene terra i n  of t his  part of t he Oregon Coast Range . 

A long the Sunset H ighway in  the B i rkenfe l d  quadrang l e ,  exposures of Eocene vol canic  rock unit-2 
form a northwest-trend ing I i near ridge which overl ooks the h ighway from the south .  Apparent ly the vol canic 
rocks were upfaul ted rel at ive to the strat igraphica l ly highe r  sedimentary rocks (Tesu) which underl ie the 
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val l ey i n  wh ich  the  highway is situated. Faceted spurs a long the escarpment and regional geo logic re l at ion­
ships tend to support such a concl usion. North of the highway addit iona l exposures of vol canic  rock 
probably represe nting an even h igher  stratigraphic l eve l (Tev-3) are exposed north of a compl ex northwest­
tre nding contact. I t  is suggested that these rocks , covering approximate ly 30 square m i l e s ,  were down­
faul ted rel ative to t he sed imentary rocks a long Sunset  H ighway. 

The ant ic l i na l  structure is h igh ly  compl ex i n  i ts core areas. I n  the northeastern B l a i ne quadrangl e 
where norther ly strikes would be expected , the domi nate strike is to the northwest and the dip is to the 
southwest. Str ikes in the Trask R iver are al igned east -west and dips of 20° to the south are common. To 
the north near Jewe l l ,  Eocene vo lcan ic  roc k un i t- 2 (Tev- 2) a nd Eocene vo lcan ic  roc k un i t- 3 (Tev-3) 
term ina te a l ong s tri ke aga i ns t  O l igocene to Miocene sedimenta ry roc k (Toms) . Fou l t ing is th e s imp l es t  
m echanism capa b l e  of  explai n ing th i s  r e la tionsh i p .  I f  future mapping shou ld  estab l i sh a fac ies change 
northwester ly  a long s tr i ke in th i s  area , however , the fau l t  can no longer be i nferred . 

Fundamenta l northeaster ly trending zones of te nsio n a nd fracture are a l so indicated by major a l ign­
me nts of some of the m idd l e  Miocene basal t ic  d ikes i n  the northern part of the mapped area. One series of 
d ikes extends from F l agpo le  Ridge i n  the centra l Sadd le  Moun tai n  quadrang le  to N i co la i  Mounta i n  i n  the 
Cathl amet quadrang le. 

Severa l periods of deformat ion are inferred for the study area. The unconformi ty within the l ate 
Eocene sedimentary and vol canic strata records moderate tectoni sm. An early O l igoce ne unconform ity 
is suggested between the Keasey Formation and the Pi ttsburg B l uff Formation (both Toms of th i s  report) by 
Warre n and others( 1 945). An  unconform i ty  be neath Astoria -age strata i n  the Sadd l e  Mounta in  area provides 
addi t iona l  docume ntation for the m idd le  Miocene period of upl i ft postu l ated by Snavely and others ( 1 969) 
e l sewhere. Middl e Miocene te nsion and vol cani sm produced the extensive breccias and dikes of that 
age . Subseque ntly broad upl ift has t i l ted the m idd l e  Miocene vo l canic  rocks(Tmv)  and the upper M iocene 
sandstone (Tmus) . Considerab le  erosion of these units is i nd icated by their abrupt t runcation on the south 
slopes of N icol a i  Mounta i n .  
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MA§§ MOVEMENT 
(downs lope movement  of earth mate r i a l )  

, FALL SLIDE F LOW 
( ra p id vertical  descent ) ( few shear planes ) ( I nnumerable shea r planes) 

Rockfa l l  Rocks I ide  

Soi l  Fa l l  
( S trea m bank erosi on ) 

Figure 25. Diagrams of various types of mass movem en t .  
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G E O LO G I C  HAZAR D S  

Land everywhere is constant ly undergoing attack b y  the c lose ly i nterre l ated processes of  weather ing , 
mass wast ing ,  and erosion .  Physical  and chemi ca l  weatheri ng break down t he bedrock to form so i l  a nd a 
variety of gravity-induced mass wasti n g  processes transport the soi I downslope to the streams and ri vers , 
which ul t imate ly  carry i t  to t he sea . Because the works of man genera l l y  require stab le  foundat ions, these 
geo l og ic  processes const itute rea l  hazards to h i s  activi t ie s .  

Areas of  steep s lope , l a nds( ide topograp hy , weak sed ime ntary rock o r  unfavorab le  geologic structure 
can become unstab l e  with a mi nimum of excavation . Areas shown to ex hibit  any of these features on the 
maps shoul d  be viewed accord ingl y . 

Areas of mass movement topography are i nhere ntl y unstab le  and are especia l l y  se nsi t ive to modifi ­
cat ions o f  dra inage and s lope . Urbanization, and the i nsta l l at ion o f  septic tanks, dra in  fie l ds ,  large 
structures,  and excavations in these areas shou ld  be careful ly  eva (  uated prior to deve lopment . 

Areas of fl ash flood ing,  m udflows , active l andsl id ing,  and stream-ba nk erosion are especia l l y  crit ica l , 
a nd parti cu lar  attent ion should be paid  to them in the p l anning process . Many of these areas may have to 
be withdrawn from deve l opment .  Where necessary structures such  as roads cross these features,  provis ions 
shou ld be made to assure that they are engi neered to accommodate the potent ia l  hazards . 

Geologic hazards shou ld be eva l uated on a si te-by-si te basis . Such treatment was not feasib l e  i n  
this  report , however, owi ng to the reg ional scope o f  the pro jec t .  Hazards i nd icated on the map and state­
me nts made i n  the  text ,  t herefore ,  shoul d be considered as  pre l imi nary . 

M a s s  M o v e m e n t  
( L a n d s l i d e s  a n d r e l a t e d  p r o c e s s e s )  

Downslope movement of earth materia l  under the i nfl uence of gravity has occ urred extensively i n  
the mapped area and has resu l ted i n  s ignifi cant stabi l ity probl ems . Sha l low sl umps, rapid earthfl ows , 
rockfa l l s ,  and mudsl ides c haracterize steep s lopes; degree of s l ope is there fore i ndicated on the geo l og ic  
hazards map . I n  areas of  ge nt l e r  s lope,  mass movement can  a l so occur . I n  these areas, a variety of topo ­
graphic features commonly a l low more precise del i neation of the boundaries of the unstabl e areas . A 
pattern of triangles  on the geo logic hazards maps designates those areas in which mass-moveme nt topography 
is apparent . 

Terminol ogy 

Owing to the compl ex interre l at ionships invol ved in the various mass wast ing  processes ,  and the 
i ntergradations between the m ,  a j umbl e of  over lappi ng and sometimes  co ntradi ctory terms has deve l oped 
over the years to describe them . For the sake of c lar i ty ,  there fore , terms a nd concepts used in th i s  
i nvestiga tion are d i sc ussed be low . 

The term mass movem ent app l ies to a l l  mass wasting processes . Areas of mass movement topography 
are areas wh ich have fai l ed in numerous sma l l  s l i des over a pro longed l ength of time . 

S harpe ( 1 960) , in a masterl y treatment of the subject, anal yzed mass wasti ng processes i n  terms of 
the specif ic type of moveme nt, the rate of  fl ow , and the water content . He arrived at three bas ic  concepts 
of downs lope movement: fal l s ,  sl ides,  and fl ows; he further subd ivided these i nto the spec ific types of 
mass moveme nt . Fa l l s  i nc l ude al l types of downslope movement of  earth materia l  or rock which i nvo l ve 
rapid mot ion throughthe ai r or tumbl i ng motion down steep sl ope s .  S l ides i nvol ve movement al ong one 
or a few shear surfaces and i nc l ude such phenome na as s l umping . F low, the th i rd type of movement, i nvol ves  
i nterna l movement a l ong i nnumerab le  permane nt and transient shearsurfaces so that the overa l l downs lope 
mi grat ion of material resembl es that of a h igh ly vi scous fl uid (Figure 25) . 
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I n  terms of area affected , flow is the most s ignificant type of  mass wasting i n  the study area . I t  
i nc I udes  so i l  creep,  earthfl ow, and mudflow . Soi l  creep is the s low, impercept i b l e ,  part ic l e-by-part ic le  
downs lope movement of unconso l idated debri s i n  response to  gravity . Frost heaving , expansion ,  and 
contraction with variations of temperature and water content, animal activity ,  and c hemica l  decay of 
rock matter are some of the specific  processes contributing to soi l  creep . Favorab le  factors i ncl ude a 
thick so i l ,  a protect ive cove r of vegetat ion, and adequate s lope . Soi l  creep genera l l y  does not penetrate 
to dept hs greater than a few feet . 

With  i ncreased water conte nt , soi l  and weathered rock  material  become more mob i l e ,  and down-
sl ope movement may take the form of l arge masses which move downs lope in response to gravity . Commonly 
such movements invol ve severa l te ns of feet of soi l , eart h,  and broke n rock .  They are referred to as earthflow . 

Under certa in  co ndit ions even more water may be added to the so i l  so that a mud l ike s l urry is pro­
duced . The resul tant rapid movement of  earth debris i s  termed a mudfl ow a nd is favored by intermittent 
heavy precipitat ion , steep s lopes,  sparse vegetat ion,  and an abundance of unconsol idated debri s .  Mud­
flows tend to  be recurrent i n  the  same channe l and genera l l y  fo l low periods of  heavy ra i n .  

S l ides and fa l l s al so are s ignificant mass wast ing processes i n  the mapped area , especia l l y  o n  steeper 
s lope s :-sfUmp is  a type of s l ide in which unconso l idated earth debri s or bedrock moves downslope as a 
sing l e  unit along a curved basal s l ip  p l ane so that the ground surface within the sl ide unit  t i l ts back sl ightly 
towards the hi l l . T he depth of pene trat ion of  s l umps i s  usua l ly greater than that of earthfl ows of sim i l ar areal 
extent , Other types of s l ide inc l ude debris s l ide,  a downslope bl ock -l ike movement wi thout backward rota ­
tio n ,  and rocks I ide . Rockfa l l a nd rocks I ide account for most of the tal us s l opes i n  the steeper parts of the 
mapped area , especially along the Wilson R iver . 

T he term landsl ide is perhaps the most co nfusing of a l l .  To some it denotes downslope movement at 
a percept ibl e rate (Sharpe , 1 960; Ho l mes ,  1 965; B loom , 1 969). As suc h it  inc l udes fal l s  and many s l ides 
as defi ned above . To others it inc l udes a l l  downsl ope movement regardl ess of the rate of movement (Varnes , 
1 958; Sch l icker and others, 1 972) . To the l ayman t he former concept is perhaps the most widespread . 
Because th i s  report wi I I  be used primari ly by the layman for p lann i ng purposes , the term lands l i de i s  
restric ted to downs lope movement of  a ra pid na ture . 

Recogn ition of mass movement 

Areas of mass wast ing are characterized by a variety of topographic features . An understand ing of 
these features i s  a useful aid in assessing the part icu lar  stab i l ity prob l ems of  a g iven area , C reep , for 
examp l e ,  ge nera l l y i s  assoc iated wit h smooth,  rounded , convex h i l l sides . The trunks of trees growing i n  
areas of  so i l  creep are commonly smooth ly curved downsl op'e .  In  areas of urban deve lopme nt t i l  ted fence s ,  
bowed sidewa l ks ,  and t i l ted te l ephone po les  may b e  commo n .  

Areas o f  earthf low ideal ly exhibit  a steep scarp o r  pul l -away zone a t  the head o f  the d i sturbance 
and a jumbl ed topography downslope . Sag ponds , irregular  mounds,  randomly t i l ted trees , and tension 
cracks are common . S lopes with in  the sl ide mass are ge ntl er than those of the surround i ng intact terra i n .  
I n  regions o f  widespread earthfl ow ,  stream dra i nage i s  general ly poorly deve loped . 

Areas of s l umpi ng d ispl ay ma ny of the characterist i cs of earthfl ow incl ud ing headscarps , sag ponds, 
and t i l  ted trees . In addi tion a I arge raised area , or toe , marks the I ower boundary of the arcuate shear 
zone in the subsurface . Al so ,  backt i l t ing assoc iated with s l umping resul ts in a more pronounced head­
scarp and a rel ative ly fl atter  terra i n  within the disturbed area . 

I n  areas of s l ump and earthfl ow , the primary d i st i nguishi ng features are easi ly obscured by vegeta ­
tio n and erosion . Consequently recognit ion of o ld  s l umps and eart hflows is considerably  more difficul t .  
Genera l l y  hummocky terra i n ,  irregu lar  drai nage , and anomal ous ly low slopes re l ative to adjacent terra in  
of s imi l ar l i tho logy characterize these areas . Roadcuts may expose j umb l ed rock debris of an otherwise 
obscured s l ump or earthfl ow . 

Rockfa l l  and rock s l ide are restricted to regions of re l at ive ly steep terrai n .  Recogn it ion is ge neral ly  
stra ightforward and i s  based upon the presence of ta l us ,  overhanging l edges ,  and s im i lar feature s .  Vegeta ­
tion may soon cover the tal us ,  but the uniform tal us s l ope at the base of  a steep c l i ff is unmi stakabl e .  

Recognition of mass moveme nt i s  somewhat subjective ,  and determinations shou ld be based on as 
many criteria as possibl e ,  i ncl udi n g  fie l d  i nvest igations and aeria l  photographi c  i nterpretat ions . Rel iance 
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on  general topographic expression a lone moy be mi sl ead i ng. For i nstance, innumerabl e d i kes cutt ing  
mudstone may present o topograph i ca l ly  hummocky express ion resembl ing mass moveme nt. Li kewi se escarp­
ments cut into firm vo l can ic  bedrock overl yi ng softer sed imentary rock moy give an expression that resembl es 
a giant pul l -away zone or heodscarp. To moke o vo l id a ssessment of land stabi l i ty , a knowl edge of the 
loco I geo l ogy derived from as mony sources os possib le  i s  desirabl e. 

Causes of moss movement 

Mass movement is the downs lope moveme nt of consol idoted and unconsol idated earth materia l  i n  
response to  gravity . Assisti ng gravity are a wide variety of ot her factors both reg ional and loca l in sco l e . 
A l though mony of t hese factors ore beyond mon ' s  i nfl uence , many others are subject to pract ica l  human 
control . 

Factors of moss movement of regional scope i nc l ude c l imate and rock type . T he c l i mate of the study 
oreo is moist marine ond is typified by heovy winter precip i tation. The l arge amounts of water i ntroduced 
into the ground aid in the c hem icol breakdown of the rocks ,  increase pore pressure , decrease she or strength 
wi th in  the rocks ,  and in i tiate o variety of moss wast ing processes i nc l ud i ng earthflow, mud fl ow, and sl ump. 

Rock type ol so p l oys a l arge ro l e  i n  determin ing the tendency of an area to sl ide. Whereas some 
rock units such os i ntrusive rock or boso l t  fl ows ore extreme l y  stab l e ,  other rock types such as cl ayey s i l t ­
stone are prone to  fa i l ure in wet c l imates. The  combi nation of rock type and c l i mate i s  fundamenta l i n  
t he  in herent i nstabi l i ty of much  of the  mapped areo. 

When ground woter perco l ates through the eorth , pore pressure is i ncreased , ions are d i ssol ved and 
carried away , ond c l ays ore saturated . Al l of these processes contribute to i nstabi l i ty. By enha ncing 
surface drai nage , however, mon can often i ncrease ground stabi l ity. Converse ly , l own watering ond 
septic tonk dra inage may local l y  decrease stabi l ity and i nit iate s l id ing i n  previousl y stab le  terra ins .  Ropid 
drowdown in  water storage areos con cause sl ides with in  reservoi rs. 

Bodies of earth undergoing mass moveme nt con genera l l y  be viewed in  terms of  o load area situated 
high on the s lope whi ch is being drown downsl ope by gravity , ond a toe area neor the base of the s l ide 
which tends to retard further downslope motion through friction. Embankme nts ond other forms of construc­
tio n on pote ntia l  l oad oreos may i n it iate sl iding , whereas sl ope reduction and bench i ng moy increase 
stobi l  i ty in some I arge cuts. L i kewise , exca vations on the toe of a I ondsl ide may trigger add itiona I sl id ing,  
whereas the construction of  buttresses or pi I i ng wi l l  i ncreose stob i l  ity. 

Vegetation as a ru l e  covers ond binds the so i l  and removes moisture through transp iration and there ­
fore i s  on inhib itor o f  mass wasti ng. Remova l o f  vegetation by fire , l ogging, l andscaping , or by a variety 
of other human act ions moy d ecrease stabi l i ty si gnifi cant l y. L i kewi se drai nage moy be manipul ated to 
e ither retard or enhance mass movement . 

I n  a l l coses ,  individual s ite i nvestigation  fo l lowed by a ba lanced oppra i so l  of goo l s  ond costs ore 
required before o finol dec ision can be mode co ncerning the su itob i l  ity of a part icu lar site for o part icu lar  
type of deve lopment. I t  i s  emphasized thot areas of i nstob i l  ity i ndi cated in this study are bosed on a 
genera l ized reg iona l study of natural condit ions at the prese nt ti me. Future activit ies of man as we l l  os 
nature moy be suffic ient to a l ter  the re l a tive stabi l i ty of individua l sites. 

D i s t r i b u t i o n  o f  U n s t a b l e  L o n d 

The study areo is mode up of parts of basins of five mojor west-fl owi ng rivers: Col umbia ,  N ehal e m ,  
W i l son,  Trask and Nestucca. A l though eoch o f  t h e  rive r  basins i s  subject t o  lond i nstabi l ity i n  a general 
sense , carefu l study shows that eoch bos in  can be characteri zed to a Iorge extent by its own port icu lor 
set of probl ems. 

Col umbia River vol l ey 

I n  t he study areo , the bos in  of the Col umbia R i ver is subdivided i nto two regions. The lowlands orea 
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adjacent to  the river is underla i n  by a variety of sed imenta ry rock units primari ly  of  post-midd l e  Miocene 
age . They inc l ude Quaternary a l l uv ium (Q al ) ,  terrace grave l s  (Qt),  and upper Miocene sandstone (Tmus) . 
Exposures of 01 igocene to M iocene mudstone i n  the Wauna area are a l so i nc l uded i n  the lowl ands .  The 
upl ands are underl a in  by Miocene vo l ca nic rock (Tmv) and older sedime ntary strata . West of Brad ley,  
U.  5 .  Highway 30 forms an approximate boundary between the two regions , 

Uplands: Miocene vo l canic  rock underl i es most of  the upl ands area . I t  forms steep s lopes and 
c l i ffs at W ickiup Mounta in ,  gent l e uniform s lopes with th in  so i l  cover on N icol a i  R idge , and more deeply 
weathered i rregular  terra i n  at Porte r Ridge . On  W ick iup Mounta i n ,  in the l ower reaches of Big C reek,  
and on the east face of N ico la i  Ridge , undercutt ing  has  produced steep sl opes; rockfa l l and a variety of 
other sl ides and fl ows are a constant threat . On the west face of Wickiup Mounta i n  maintenance of access 
roads is parti cui arly d i ffi cui t .  

I n  contrast the gently s loping north side of N i col a i  R idge const itutes some of the most stab l e  terra in  
i n  the  study area . Mass wast i ng i n  t he region i s  min imal . However,  loca l  pockets of deep weathering 
have produced thi ck layers of  so i l  and decomposed bedrock . Farther to the south on N icol a i  Mounta in  
the prese nce of i nterbedded sandstone a t  t he  surface has introduced numerous s l ides of  loca l  extent . Poor 
dra i nage arisi ng from one such sl ide a mi l e  northwest of the summ it  of N icol a i  Mountain  has resul ted i n  
t he devel opment of extensive marsh lands . 

I n  the upper reaches of B ig  C reek o lder sedimentary rock is exposed beneath the Miocene vo l canic  
rock which caps the ridge s .  Earthflow a n d  sl umping i s  widespread,  and t h e  terra in  i s  among the most un­
stab le  in the study area (F igure 26) . Large bl ocks of basa l t  are s l id ing s low ly from higher e l evat ions , 
detached cl umps of unconsol idated so i l  and debris are w idespread , and trees commonly rest uprooted on 
the sl opes and i n  the canyons . Torre ntia l  fl ooding of the mai n channe l and i ts tributaries has substant ia l l y  
undercut the stream banks i n  many p laces . 

A long the east bank of B ig C reek near the mouths of P igpen and Mud Creeks (sees . 3 ,  1 0 , 1 1 ,  T .  
7 N . , R .  7 W .  ) ,  re l ative ly resistant middl e Mioce ne sandstone (Tmms) forms steep s lopes wi th  a th in  soi l  
cove r .  F l ash f loods ,  muds! ides , and earthflow have prod uced a series o f  scarred channe l s  i n  various 
stages of devel opme nt . Recent l y  constructed access roads farther up the s l ope are cont inua l l y threate ned 
by the i nstab i l i ty of t his region and may , i n  fact , contribute to it by interrupt ing and d ivert ing the dra inage . 

Low lands: The low l ands arbitrar i ly  inc l ude the fl at  areas of  Quaternary a l l uv ium ,  the ro l l i ng h i l l s  
o f  upper Miocene sandstone (Tmus ) ,  and the sl ide area deve loped i n  0 1  igocene to Miocene sedimentary 
rock (Toms)  near Wauna . The variety of l a ndforms and rock types makes the region rel at ive ly  compl ex .  

T he Wauna area is geo logica l l y  unique i n  severa l  ways . F i rst , i t  is situated at a pronounced bend 
in the Col umbia R iver;  second , i t  is s i tuated in a region in which re l at ive ly  soft sedime ntary rock is ex­
posed beneath a cap of Miocene vo l canic  rock (Tmv); a nd third , fl uctuations in the l evel of t he Col umbia 
R iver in approx imate ly the l ast one hundred thousand years have exerted a profound i nfl uence on the l a nd­
forms that we see today . Br iefl y ,  as the Col umbia R i ver  has impi nged on the east face of N i col a i  R idge 
during times of fl uctuati ng r iver  l e ve l , it has undercut the ridge to produce a comp lex series of sl ides . 
The sl ide mass is c haracterized by rol l ing topography , i rregular drai nage , and the abundance of basal t ic  
and mudstone b l ocks set i n  a d i sordered matrix of  unconsol idated debri s .  

Bori ngs dr i l l ed a t  the site of the Wauna Paper P lant  ( S hannon and W i  I so n ,  I nc . ,  1 964) for foundation 
i nvestigations i nd icate the prese nce of s l ide debri s  in the subsurface to a depth of at least 1 56 feet . I nter­
cal ated with  the s l ide debris are occasiona l i nterbeds of l ayered al l uvi um , a feature which  suggests t hat 
the s l ide has undergone repeated movements over an extended I engt h  of time and was probably not the 
resul t of one catastrophi c sl ide . 

Depress ions i n  the sl ide mass a long the r iver  bank served as sites for abundant vegetative growth 
d uring times of h igh water l e ve l . Today t hese sites are preserved as l oca l ized horizons of peat and organic 
so i l  i n  the subsurface . The compressibi l i ty of these materia l s  consti tutes a threat to deve l opment owing 
to their poor foundation capabi l i t ies . The actua l s l ide mass i s  now probably i nactive . 

East of Wauna , drai nage i n  the Ol igocene to M iocene sedimentary rock (Toms)  i s  we l l  i ntegrated 
a nd the bedrock observed in scattered outcrops appears i ntact . Evidence of extremel y deep l a nds l ide 
fai l ure sim i l ar to that at Wauna is l acki ng .  Mass movement  in the h i l l s  above Westport ,  for exampl e ,  
probably i s  restri cted to moderate depths a long the sides o f  i nd ividua l  ridges . Farther east i n  Col umbia 
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Figure 26. Hazards in the Big Creek drainage include rockfa l l  (which 
delivers Iorge boulders downslope), stream flooding (which is indi­
cated by stranded driftwood), and eorthflow and soi l creep (note 
the ti I ted tree} . 

Figure 27. Slump features developed in  Ol igocene to Miocene sedi­
mentary rock (Toms) along the Nehalem River. This unit is prone 
to sliding, especial ly  where slopes ore oversteepened by stream 
erosion or acts of man, such as highway construction . 

31  
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County the lowl and terra i n  g ives  way to steep canyons i n  firm bedrock ,  whi ch were formed by tributaries 
to the Col umbia R iver when  i t  fl owed at a lower e l evation t han at  present . 

West of Bradl ey and sout h of A l dr ich  Point, terra in  under la i n  by upper Mioce ne sandstone (Tmus) 
i s  charac terized by wel l -deve l oped spurs in most areas and by sha l low mass wasting i n  p laces . In the 
south the sandstone is re l at ive ly  stabl e and commonly stands i n  steep slopes . To the north i n  t he vi c in i ty 
of A ldrich Point , the finer-gra i ned upper parts of the upper Miocene sandstone are exposed and the tend­
e ncy for fa i l ure i s  more pronounced . There sl ides are genera l l y confi ned to the soi l  zone a nd probably do 
not pe netrate to depths greater tha n  20 feet .  

T he al l uv ium i n  the v ic in i t ies of Brownsmead , Long I s land ,  and B l i nd S lough is unconso l idated , 
saturated , and r ich  i n  organic materia l . It probably is not suitab l e  for the construction of structures with 
high weight foundation loads . Areas of present-day peat formation are i nd icated on the geologic hazards 
map . It is emphasized t hat the distribution of peat i n  the subsurface is probably more exte ns ive and that 
peat ,  because of its compressibi l i ty ,  i s  not a good foundation materia l . 

N ehal em River basi n 

T he basin of the Neha l em R iver can be subdi vided into two natura l regions in the study area . The 
southern part , which encompasses the southern hal f  of the Sadd le  Mounta in  and B i rkenfe ld quadra ngl es 
a nd the extreme northwestern corner of the Enright q uadrang le , is underl a in  primari ly  by vol canic rock . 
Areas to t he north are underl a in  primari ly by sedimentary rock . 

Vo l canic  terra in : The bedrock in t he southern region is res istant to erosion and is typica l l y mant led 
by a thin veneer of residual soi l . Canyons are commonly steep sided . I n  general terms , the bedrock is 
among the most stable i n  the study area . However ,  in regions of steep s lope (see hazards maps) a nd under­
cutt ing,  rockfa l l ,  rocksl ide , and sl ump may occur . I n  i nd ividual  site examinations , attention should be 
a imed espec ia l l y  at i nterbedded sedimentary rocks, if prese nt , for i t  is i n  them that ma ny l a nd stabi l ity 
probl ems originate . 

West of the Neha l em R iver i n  t he genera l v ici n it ies  of Ham l et and Cougar Mounta i n  in the Sadd l e  
Mountain quadrangl e ,  sl opes with in  t he vol canic rocks are re l atively ge nt l e .  The e rosion surface rests 
upon gently north d ipping i nterbedded vo l canic and sedimentary strata . Here so i l  cover is somewhat 
thi cker than in most areas of vol canic  terra in ,  and a variety of shal low mass moveme nt features are deve l ­
oped . Under natural condi tions sl id ing is probably domi nated by s low earth flow a nd so i l  creep . Over­
steepening by excavation and other acts of man could i ni tiate more rapid movement . West of the N eha lem 
R iver regions of gentl er  s lope are underla in  by intercalated vo l canic and sedime ntary rock . T here, a l so ,  
mass moveme nt i s  more preva l e nt than in the predominantly vo l canic terra in  to the south . 

Along Sunset H ighway in  the eastern Sadd le  Mountain  and western B i rkenfe l d  quadrang les ,  sedimen­
tary strata with i n  the Eocene vo l canic pi le are the site of se veral mass movement features . Immediate ly 
east of Jewe l l  J unction several square m i l es of te rra in  exhibit l ow ro l l i ng topography and are undergoing 
active l ands l ide moveme nt . Repa irs a long this  stretch of Sunset H ighway are numerous . The toe of the 
s l ide is bounded by the Neha lem R iver a nd fai l ure may be as deep as 50 feet .  Owi ng to the size of the 
sl ide area and t he d irect i nfl ue nce of the N ehalem R iver , i t  is apparent that no permanent corrective 
measures for t he entire sl ide area are feasibl e at the present time . 

Farther east near the Washi ngton-T i l l amook County l i ne (sees . 1 and 2, T .  3 N . ,  R .  6 W.) , Wol f  
Creek and its tributaries are undercutt ing Sunse t H ighway . Long cracks up to 1 inch i n  widt h extendi ng 
a long t he h ighway i nd icate that the underl y i ng ground is m igrati ng s lowly downslope . Because fa i l ure 
was in itiated prior to the construction of the road , seal ing  t he cracks as they appear probably would not 
offer even  a temporary so l ution . I mproper p lacement of fi l l s  and local mod ifications of dra inage may both 
contribute to the present probl em , 

Sedime ntary terra in : The northern parts of the Sadd le  Mounta in  and B irkenfe ld  quadrangles are under­
l a i n  primari ly  by Ol igocene to Miocene sedimentary rock . The unit is deepl y weathered and extensive ly 
eroded to a characteristic l ow rounded topography . N umerous basal t ic i ntrusions i n  the Sadd l e  Mountain  
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q uadrangl e form the resistant cores of most of the higher h i l l s  scattered throughout the area . In add it ion, 
t hick l ayers o£ basa l t i c  breccia make up the bul k of Sadd le  and H umbug Mountains, two of t he hi gher 
topographi c  features in the Coast Range . 

Physical  and chemical decompos it ion is exte nsive i n  the Ol igoce ne to Miocene sedimentary rock 
a nd weathering commonly penetrates to depths of 20 feet or more . A long ridge crests, however ,  fresh 
bedrock is commonly much nearer the surface . Soi l s  of s i l t and c l ay with poor foundation characte rist ics 
are widespread . Wel l over hal f t he region is und ergo ing mass wasting (Figure 27);  major processes inc l ude 
earthfl ow , so i l  creep,  and s l ump.  Depth of movement probab ly  does not exceed a few tens of feet in most 
areas.  

The terra i n  is more stabl e in areas of abundant vo l canic  d ikes . Al ong Sunset Highway immediate ly  
south of Humbug Mounta in ,  i ntrusive basal t forms the core of many of the  ridges; they are not prone to 
s l i d ing .  T he basa l t  has baked some of the sed iment to vary i ng degrees,  thus add ing to its stab i l i ty . An 
addit iona l e l ement add ing to the stabi l i ty of the h ighway i n  th i s  area i s  the fact that it fo l l ows ridge 
crests . Because mass movement occurs on s lop ing surfaces and mountai nsides, it is evident that ridge 
crests , by vi rtue of their l ocat ion a nd ge nt l e  s lopes, shoul d be re l at ive ly  stabl e .  

R iver val l eys: F l at- ly ing ,  unconso l idated terrace deposits of sand and si l t  occupy the main stream 
val l eys in the northern and centra l parts of the Saddle Mounta in  and Birkenfe l d  quadrangl es .  Deposits of 
organic so i l  in regions of past or prese nt poor dra inage and the high water tab l e  duri ng certain t imes of 
the year, however, may pose stab i l ity probl ems for structure s .  On-site investigat ions for l arge structures 
are advised . 

A series of proposed dam sites has bee n tentatively i nvest igated by the U .  S .  Geo logical  Survey 
(Young a nd Co lbert,  1 965) . They are the Squaw Creek s ite (sees . 4 and 33,  T .  5 N . , R .  6 W. ) ,  the 
Tideport s i te (sees . 23 and 24, T .  5 N . ,  R .  7 W . )  , the E l s i e  s i te (sec . 4, T .  4 N . ,  R .  7 W . )  , the Spruce 
Run s i te (sec . 24, T .  3 N . ,  R .  8 W . ) ,  a nd the Sa lmonberry s i te (sec . 1 0, T. 3 N . , R .  8 W . ) .  Ac tua l 
construction is not planned a t  the present tim e ,  owing i n  part to land acquisi tion and re location difficu l ti es . 
Subsequent i nvestigations have considered not on ly land stabi I i ty a t  the s i te of the dam but a I so the possi -
bi l i ty of i ncreased lands l id ing throughou t th e reservoir a rea . Young and Col bert (1 965) have demonstra ted 
tha t f l uctuating water leve l s  and water tab l es beh ind dams can be instrumenta l  in i n i tia ting s l iding i n  pre­
vious ly s ta b l e  areas . 

W i l son River bas in  

Rock d i stribution , vegetat ive cover,  and so i l  thickness are highl y variab le  in the Wi l son R iver bas in ,  
a nd stream be havior i s  unpredic tabl e .  Conseque nt l y ,  mass wast ing features are comp lex . To  a id the 
d isc ussion, the basi n i s  subdivided into three segments . 

Lower reaches: That part of the W i l son River which  l ies downstream from Z igzag Creek (sec . 4 ,  
T .  1 S . ,  R .  8 W . )  i s  treated a s  the l ower reaches o f  the Wi l son R i ver  dra inage . The major rock type 
consists of hard massive vol can ic  breccia and p i l low basa l t .  Soi l s  are genera l l y  th in and s l opes are steep . 
Runoff is rapid and mass moveme nt i n  terms of areal  extent is min ima l . The steepness of the terra i n ,  how­
eve r ,  does favor rock fa l l and rocks I ide and there is constant danger of this  sort of hazard at the base of 
most c l i ffs and sl opes . 

Loca l ly ,  wh ere soi l cover is a few feet th i c k  or more and s l opes are s teep, th ere is da nger of ca ta­
stroph ic mudf low . In Ja nuary 1 965, after 8 . 65 i nches of ra infa l l  in a 48-hour period had generated a 
1 00-year f lood in  the Wi l son R iver , sa tura ted debris from a ridge crest f lowed rapidly downs lope across 
State H ighway 42 at a poi nt 8 m i l es east of Ti l l amook (se c .  1 8 ,  T .  1 S . ,  R .  8 W .  ) .  The val l ey was 
dammed to a he ight of 60 feet  (40 feet above road leve l ) ,  and water l eve l rose at a rate of 1 foot every 
1 0  mi nutes unti l  a c hannel was formed a nd the l ake was dra ined without incident . Subsequent l y ,  m inor 
s l id ing bl ocked the highway for severa l hours in the winter of 1 972 . 

The mudflow left a scar i n  the h i l l side which is visib l e  to th is  day . A sim i l ar scar a short d istance 
to the northwest trends east-west i nto the N orth Fork of the Wi l son River (sec . 1 3 ,  T .  1 S . ,  R .  8 W . ) .  
I nasmuch a s  mud fl ows tend to recur several times with in the same channe l , these sites warrant observation . 
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Moreover , they are espe c ia l l y  suscept ib le  t o  future movement whi le  vegeta tive cover is  la rgely absent .  
Mudflows of this sort are a l so favored by steep slope , th i ck so i l  cover ,  and heavy ra i ns ,  none of 

which l end themse l ves  to practi ca l  correctio n .  Mudflows a l so  tend to orig i nate in channe l s  of short l ength 
such as those a long the l ower reaches of the Wi l son  R i ver . A sudden drop of d ischarge i n  the Wi l son 
R iver during times of heavy rainfa l l  and floodi ng may signal the developme nt of a l andsl ide dam upstream. 
Under these c i rcumstances immediate evacuation is imperat ive . 

M iddl e reaches: T he stretch of the W il son R iver extend ing from Z igzag Creek on  t he west to Moore 
C reek on the east (Sec . 2, T .  1 N . ,  R .  7 W . )  is here considered as the midd l e  reaches of the Wi I son 
Rive r .  T he d istribution of rock types and so i l s  is part i cu lar ly  compl ex i n  this area . 

Vol can ic  breccia and pi l l ow basa l t  form res istant caps to most of the ridges . Downslope the val l ey 
wal l s  consist of vary ing amounts of sed imentary rock , hard basa l t i c  i ntrusive rock , and vo l can ic  breccia . 
S lopes in the igneous rocks are steep to moderate and sl opes i n  the sedimentary terra i n  are genera l l y  
moderate owing to the widespread intrusions . 

T he major forms of mass wasting on the upper s lopes consist of rockfa l l and rocks I ide where the cap­
p ing vol canic  strata stand in steep sl opes or where they are be ing undercut . Heaps of vol canic rubb le  are 
common on loggi ng roads at t he bases of cl i ffs composed of vo l canic  rock .  Tree-covered tal us is wide ­
spread on many of the hi l l sides throughout the area . 

The sedimentary rock is characterized by earthflow, s lump, and soi l  creep in  areas where i ntrusions 
a nd bak ing are not preva l e nt . Depth of fai l ure i s  d i fficul t to determ i ne and is probab ly  variabl e .  Th ickness 
of the sl ides probably does not exceed 50 feet ,  however , a nd in most areas of d i sturbance movement appears 
to be superfic ia l . S teep slopes and l edges of firm bedrock are common with in  the sedimentary rock terrai n .  

Th i ckness of so i l  cover with i n  the middl e reaches of the W i l son R iver  varies considerab ly . So i l s  
devel oped upon the vol canic breccias consti tute a th i n  residuum i n  some areas and are quite th ick in others . 
L i kewise soi l s  deve l oped atop the sed ime ntary rocks are l ocal l y  qu ite t h i n  as a long K eenig  Creek Road 
(se c .  25, T .  1 N .  R .  8 W .  ) .  As a general  rul e ,  soi l s  are thi nnest a l ong ridge crests ,  where thicknesses 
of a few feet are common ,  and they are th ickest on the sides of h i l l s .  Depths of fai l ure in sl ide areas 
probably fol l ow a simi la r  pattern . 

Mass movement i n  the midd l e  reaches of the Wi l son R iver  varies from rockfa l l  and rocks l ide a long 
the vol canic  ridge crests to earthflow and sl ump in  i so lated patches of unsupported sedime ntary rocks on 
the lower slope s .  Sheets of tal us are draped over bedrock i n  many areas ,  and thick vegetati ve cover 
b la nkets much of the terra i n .  A l though much of the area is  known to be unstabl e owi ng to the moderate 
to steep sl opes ,  more precise analysis is d ifficul t .  

Upper reaches: T he stretch of the W i l son River extend i ng from Moore Creek eastward to the 
Ti l l amook County l i ne is here considered as the upper reaches of the W i l son R iver . The major rock type 
consists of a series of hard to crumbly subaerial basa l t  flows . I nterbedded sequences of tuffaceous vol can­
ic l ast i c  fine -gra ined sedimentary rock are recognized . 

North of Sta te H ighway 6 the subaeria l  fl ows form steep cl i ffs of exposed bedrock mant l ed i n  p laces 
with rocky debris derived from higher e levations. Rockfa l l and rocksl ide are t he major mass wast ing proc­
esses . Soi l  cover is m i nimal owing to the intense ra in fa I I  in the winter  months, the heavy runoff, and 
the lack of vegetative cover due in part to the forest fi res of the  1 930' s .  Bou l dery rubbl e deri ved from 
rockfal l is heaped upon parts of most of the l oggi ng roads .  Al though the steep sl opes are rel atively stab l e  
from a geologic standpoint ,  t hey are dangerous from a human poi nt o f  view . 

Sed ime ntary rock north of the h ighway occupies d ip  s lopes immed iately east of the steep exposures 
of vo lcanic  rock .  Smal l canyons cut i nto the sed imentary rocks are general ly  rather steep . It i s  apparent 
that the rock is re l ative l y  stab l e  even  though creep is  recognized in some areas . 

South of the h ighway much of the basa l ti c  bedrock a l ong the upper reaches of the W i l son  River is  
rubbly and prone to rockfa l l  and sl id ing .  Corre ct ive measures empl oyed a l ong the h ighway in  sec .  35, 
T .  2 N . ,  R .  6 W . have i ncl uded pul l ing l oose debri s down with bucket scraper and pry bars . W ire 
fencing on the sl opes d irects fa l l s  in to d i tches a long the highway and keeps rubbl e off the driv ing surface . 
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Trask River bas in  

I n  this  study the Trask R iver i s  subd ivided i nto the lower reaches, located downstream from Samson 
Creek (se c .  22, T .  2 S . ,  R .  8 W .  ) ,  a nd the upper reaches , l ocated upstream from t hat poi nt . Basa l ti c  
bre ccia is the predominant rock type of t he l ower reaches, whereas the  bedrock geo l ogy of the upper 
reaches is considerabl y  more compl ex . T here sed imentary rocks, i nt rusi ve rocks ,  and interca l ated vol cani c 
a nd sed imentary rock seque nces are we l l  represented . 

Lower reaches: The lower reaches of the Trask R iver are characterized by steep s lopes ,  impervious 
vo l can ic  bedrock,  and variabl e vegetative cover . A long the steeper s l opes rockfa l l  and rocks l ide have 
produced fl anking deposits of ta l us . Where sed imentary interbeds are present , soi l  creep and surfic ia l  
earthfl ow are operat ing . I n  the extreme lower rea ches of the Trask , where sedimentary strata over l i e  the 
vol can ic  sequence , mass movement i s  much more widespread . 

Many of the streams drai ning i nto the Trask occupy short steep channe l s  in bedrock . As i s  true of 
the Wi l son R iver ,  suc h channe l s  have a potential for mudflow acti vity . Owi ng to the re l at ive l ack of 
so i l  and sedime ntary rock , however ,  flash flooding is the most immed iate danger . This is d iscussed in a 
l ater section . 

Upper reaches: Bedrock a long the upper reaches of the Trask River consists of bedded sedimentary 
rocks low in  the canyons i n  the northern parts of the basi n,  and i nte rbedded vo l canic  rock in t he centra l 
and southern parts of the bas i n  and h igh on the slopes in the north . N umerous igneous i ntrusions cut t he 
sedime ntary rock . Al ong the steeper slopes rockfa l l and rocksl ide are common occurrences . As e l sewhere , 
areas prone to th i s  type of activ ity are i ndicated on the hazards map by the steep slope color patt'ern . I n  
regions o f  sed imentary rock o r  deeply weathered vol canic  rock , earthflow and so i l  creep are widespread .  

North of the Trask Guard Station t i l ted trees , d i srupted dra i nage , sag ponds, and hummocky topog­
raphy are indicative of pronounced mass moveme nt on t he ridge between the Trask and W i l son Rivers i n  
t he vic in i ty of the Trask cutoff road . Farther east , however ,  a long the North Fork of  the Trask R ive r,  
numerous l arge i ntrus ions are prese nt i n  the sedime ntary rock,  and s l id ing i s  more restri cted and loca l ized . 

The region south of the Trask G uard Station is characterized by moderate to steep s lopes ,  complex  
i nterca lations of vo l canic  and sedime ntary rock ,  a soi l  cover of h igh l y  variabl e t hi ckness , and patchy 
vegetative cover . Condi t ions are favorabl e for loca l ized mass movement a nd numerous sl ides are present . 

Duri ng the winter storms of 1 972 , an earthfl ow spread i nto the Trask River ( sec . 1 3 , T .  2 S . , R .  8 W . ), 
bl ocking t he fl ow of water temporari ly  and causing considerab l e  damage to the roaC: (Figure 28) . Exam­
i nat ion  of the site revea l s  that the total s l ide mass is up to 1 , 000 feet wide and extends for a l most 1 mi l e  
up the sl ope . I t  consists primari ly of res idua l  soi l ,  sedimentary rock,  and vol canic  rubbl e .  T he toe of 
the sl ide i s  be ing undercut by the Sout h Fork of the Trask R iver .  The activity of 1 972 was but one sma l l  
episode i n  the downslope m igration of a tremendous mass o f  materia l . W ith future flooding a nd under­
cutt ing , cont inued s l id ing is immi nent (F igure 29) . 

S im i l ar s l ides of varying sizes and de grees  of deve lopme nt are present a long a l l  of the st reams of 
t he upper Trask R iver dra i nage . T he sinuous courses of  the rivers pl ay a l arge part i n  the undercutti ng 
process . Many s l ide areas which  have not undergo ne s ignifi cant movement recent ly are modified to vary­
ing extent by stream erosion and gul ly ing and are correspondi ngly more d i fficu l t  to recognize . 

N estucca R iver bas i n  

T he dra inage bas in  o f  t h e  N estucca R i ver  i n  the study area is c haracterized by i nterbedded vo l can ic  
a nd sed imentary rocks on the  upper s l opes and ridge crests , sed imentary rock wi th  scattered i ntrusions on 
the m idd l e  s lopes,  and vol can ic  and baked sed imentary rock on the lower sl opes of t he  canyons upstream 
from B l ai ne .  Mass movement is local ized and m inor in the vo l can ic  terra i n  a nd it is fa i r ly  widespread 
in the sedimentary terra in . 
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Figure 28 . Gul l ies carved in  the toe of the massive 
earthflow that partially blocked the Trask River 
in the January storms of 1 972. The s l ide extends 
for one m i l e  up the slope and w i l l  undoubtedly 
move ago in  (sec . 1 3, T .  2 S . , R . 8 W . )  . 

Figure 29. Riprap in  foreground acts to protect the road 
(not shown) from stream erosion, but i t  also directs 
stream flow against the toe of the sl ide. The degree 
to which this may induce future sliding on the far 
bank is unknow n .  
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At  the lower e levat ions downstream from B la ine  earthflow and soi l  creep are commo n .  A recent 
earthfl ow is located near Camel back B l uff and another is  located a few m i l es north of B la ine on Moon 
Creek . Between Boulder C reek and Alder  C reek grave l  terrace deposi ts mant l e  ol der sl ide debris t hat 
apparentl y  swept into the va l l ey from the south .  Soil and unconso l idated surfic ia l  debris throughout the 
a rea is several tens of feet thick i n  p l aces . Exposures a l ong the h ig hway immediate l y  downstream from 
B l a i ne ,  however , reveal t hat soi l  th icknesses are loca l l y  qu ite th in ,  especia l l y  on  hi l l tops and a long 
ridge crests . Mass movement probably extends to its greatest depths a long the lower slopes, w here pene­
tration of severa l tens of feet is  l ikely . 

Observations on numerous l oggi ng roads north of the Nestucca R i ver i n  the vi c in ity of Square Top 
reveal that so i l  cover i s  genera l ly  th in  i n  t he sedime ntary rock terra i n  a l ong the ridge crests . Smoothness 
of the hi l l sides downslope i nd icates that t he major form of sl ope fa i l ure is  so i l  creep . Loca l l y ,  however, 
earthflow is i nd i cated . I ntrusive bodi es of sma l l  s ize are scattered throughout the region .  

The lower ca nyon wa l l s  o f  the midd le  and upper N estucca dra i nage consist primar i ly  o f  vo l can ic  
rock . Rockfal l and rocksl ide are  t he major sl ide processes a nd consti tute a m inor geol ogi c  hazard . Earth­
flow a nd soi l  creep operate loca l l y  at the lower e l eva tions where sed ime ntary rock a nd deep weathering 
hor izons have yie l ded a th ick unconso l idated cover .  Intrusi ve bodies are abundant in the creek bed . 

F l o o d i n g a n d S t r e a m - b a n k  E r o s i o n  

S ignificant fl ood ing of the N ehal em, W i l son , Trask, and N estucca R i vers is  a min imal  hazard i n  
t he study area owing to  t he we l l-developed terraces and deep channe l s  i n  most of the  va l l ey areas . I n  
addition ,  storm tides w h i c h  great ly  accentuate lowland flooding i n  the coasta l areas are not a factor i n  
t he in l and areas . The major dangers associated with  running water i n  the up land areas i nc l ude stream­
bank erosion a long the major streams and fl ash floodi ng in secondary st reams .  These features are indicated 
on the geologic hazards maps . Logs washed into major streams from sma l l  tr ibutaries during fl ash floods 
a re a defi nite hazard to bridges downstream and contribute to flooding of the low l and areas w here l ogjams 
devel op . 

Recogn ition of flooding and stream -bank erosion 

T he conc l usion that stream fl ood ing is a mi nor hazard i n  the up land areas i s  based on a variety of 
cri teria . In  a deta i led anal ysis of fl ood i ng in t he coastal parts of Ti l l amook and C l atsop Counties, Sch l icker 
and others ( 1 972) demonstrate on a series of hazards maps that regional fl oodi ng is e ssent ia l l y  a coastal 
phe nomenon restricted to fl at-ly ing areas near sea l evel . Reconnaissance observations during the floods 
of January 1 972 revea l ed l itt l e  bank overflow in the up l and a reas in sp ite of the fact that t he floods were 
in t he 1 00-year category (Schl i cker a nd others , 1 972) . The absence of fl ood i ng results in l arge part from 
t he widespread deve l opment of river terraces i n  the stream val l eys . During t imes of h igh flow , the rivers 
are restricted to their channe l s  by the high banks which  l ine them throughout virtua l l y  a l l  of the study area . 

A l though t he fl atl ands i n  the val l eys are free from flooding,  the regions i n  the immediate vici nity 
of the channe l s  are subject to undercutt ing and stream -bank erosion, especial l y  d ur ing per iods of h igh  
runoff . The outer banks a long channe l curves are the most suscept ib le to  th is  type of hazard because it 
i s  there that the mome ntum of t he water carries i t  against the bank with the most force . Areas of most 
act ive stream -bank erosion are recognized by steep slopes,  l it t le  vegetat ive cover,  and posit ion  on the 
outside of channel curves . C haracterist i ca l ly ,  sl ump features are al so wel l deve l oped . Stream-bank 
erosion is most common al ong the North Fork of the N ehal em R iver w here terraces consist of  unconso l idated 
a l l uvium . E l sewhere, as i n  much of the Trask a nd Wi l son R ivers, bedrock is exposed i n  the terraced r iver 
banks a nd latera l erosion is much l ess pronounced . 

F l ash floods are catastroph ic ,  but genera l l y  local ized ,  torrents of water which are l arge ly  due to 
i nte nse periods of rai nfal l of short duratio n .  Areas of recent fl ash floodi ng are easi l y  recogni zed on the 
basis of such features as road washouts,  scoured channel s ,  and abundant , very coarse debris i ncl ud ing 
l ogs and bou lders heaped a long parts of the channe l s .  
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Areas of o lder flash fl oodi ng are commonly overgrown and therefore are more d i ffi cul t to recognize . 
However,  in th i s  study it was noted that channe l s  subject to fl ash floodi ng exhibit  several features i n  
common . Fl ash fl oods tend to occur i n  regions of steep slope and vo l conic terra in .  Moreove r ,  the i nd i ­
vidual streams a l most i nvariably are l e ss tha n  1 mi l e  i n  l ength . I t  i s  a general axiom of  stream research 
t hat the sma l l er a stream the l ess orderly is  i ts behavior , and hence the more subject it i s  to unpredictabl e 
behavior and flash flood i ng . On  the basi s  of the above observat ions severa l streams of infe rred h igh  poten­
t ia l  for flash floodi ng are i nd icated on the geologic hazards maps in addi t ion to t hose streams a long which 
a ctual  fl ash-flood features have been observed . 

Causes of fl oodi ng 

H i gh stream flow , stream-bank erosio n ,  and fl ash flooding a re favored by a variety of i nterre lated 
factors in the study area . The moi st c l imate and sometimes i ntense ra infal l of the w i nter months and the 
impermeabi l i ty of  much of  t he under lying strata combi ne to g ive a n  annual runoff which exceeds 60 inches 
over  most of the study area a nd which exceeds 1 00 i nches in the upper W i l son River (Ph i l l ips , 1 969) . 

Wi th in  i nd ividual dra i nage bas ins a variety of more l ocal factors a l so i nfl uences flood i ng . I n  the 
North Neha l em River basi n ,  gent l e  s lopes, t he presence of a rel at ive ly  w ide val l ey ,  and the abundance 
of vegetation favor i nfil tration and tend to exert a moderati ng infl uence on flood i ng . Al ong the Trask and 
W i l son Rivers , however, steep slopes and bare areas resul t i ng from t he Ti l l amook Burn tend to enhance 
flood i ng . Moreover, t he greater e levations induce greater and more i ntense rai nfal l as the moist marine 
ajr rises and cool s  on its way in l and . Rapid mel t i ng of snow , i f  prese nt , contributes la rge quantities o f  
water t o  t he runoff from the rai ns ,  but rare ly is  the c hief cause of flood i ng . 

Table 1 presents the major physical  and discharge characterist ics of the Neha l e m ,  W i l son,  and 
T rask Rivers . Average peak discharges of  the Wi l son and Trask R ivers ( 1 4, 000 cfs and 1 1 , 000 cfs respec­
tive ly )  ind icate a greater  runoff per unit area than i n  the N ehalem R iver  basi n .  I t  i s  e vident that re l ief,  
slope , vegetative cover, e levation and l oca l  c l imate are s ignifi cant fa ctors i n  f lood i ng . 

The Nestucca R iver  basi n is characterized by e l evations, rock types,  vegetation , and sl opes i nter­
mediate between those of  the Wi l son-Trask area and the Nort h Fork of  t he N eha l em River . A l though 
pert inent data for that area a re lacking,  cond it ions are probab l y  i ntermediate between the other two areas . 

Data from the January floods of 1 972 (Tabl e 2) further i l l ustrate the h igh runoff of the  W i l son  and 
Trask dra inages per unit area re l at ive to that of  the North Fork of  the N ehalem Rive r .  A l though stream­
bank erosion a long the  Wi lson  a nd  Trask R ivers is  mi nimal and bank overfl ow i s  not excessive , the figures 
a re of  great importance because t hey resul t in l arge part from flash fl ood ing in the numerous tributaries . 
The short streams etched in  vol can ic  bedrock a nd exhibit ing steep slopes are especia l l y  prone to flash 
flooding . 

Many floods are possib le  i n  a s ingl e season . An average o f  sl ight ly greater than two fl oods per 
year is  recorded for t he W i l son,  Trask , and N eha l em Rivers by Huls ing a nd Ka l l io ( 1 964) for observation 
periods averaging 20 years i n  l e ngth a nd end ing in 1 957 . For the Nestucca R i ver a s imi l ar average is 
recorded for t he period betwee n 1 929 and 1 944. 

As previously d iscusse d ,  stream-bank erosion a nd heavy rains associated with floodi ng are causat ive 
factors i n  l andsl iding,  and commonly periods of h i gh rainfa l l are associated w ith periods of signi fi cant 
mass movement . On  severa l occasions earthfl ows and mudfl ows have blocked major streams d ur ing periods 
of h igh runoff and have brought the threat  of  catastrophic flooding to t he downstream areas . In some cases 
l andsl ide dams upstream can be detected when streamflow drops abruptly during a storm . Landsl ide dams 
present a real hazard if the impounded water is re l eased suddenly . 

Log jams i n  the study area are genera l ly sma l l  and are si tuated a long smal l streams i n  areas o f  steep 
slope . The amounts of water impounded by the jams are neg I ig ib le  and they are not considered to be a 
flood hazard (Figure 30) . Commonly the log jams are q uickly bound by brush a nd boulders and the areas 
behind them are quickly fi l led  with grave l a nd sand . I n  a sense t he log jams a nd log screes tend to retard 
erosion and are a benefi cia l  fea ture in the upla nd areas ( Fi gure 3 1 ) .  I n  contrast , log  jams in the l ow l and 
coastal areas are a real flood danger (Sch l icker a nd others , 1 972) because they are much l arger ,  they 
impound great quantit ies of  water, and they are l ocated in regions of l ow-lying,  flat terra i n .  
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Ta b l e  1 .  Dra i nage bas in  cha racter i stics* 

R i ver Characteristics 
Physica l D ischarge 

Area S lope M i n . Max� * Ave . 
(sq . m i l es) ft ./m i l e  (c fs) (cfs) (cfs) 

N eha l em 66 . 7  2 1  54 43 , 200 2, 704 

W i l son 1 59 53 45 32, 1 00 1 , 2 1 0  

Trask 1 43 71 37 30, 000 964 

*Adapted from Ph i l l ips ( 1 969) a nd H u l s ing and Ka l l io  ( 1 964) 
* * Exc lud ing f loods of Ja nuary 1 972 

R iver 

Tab l e  2 .  Discharge for 1 972 f loods* 

Date 

Average peaks 
1 940- 1 957 

27, 000 
(44 floods) 

1 4, 000 
(37 fl oods) 

1 1 , 000 
(28 fl oods) 

January 1 1 ,  1 972 Ja nuary 20, 1 972 
Gauge h eigh t Discharge Gauge heigh t Discharge 

(ft) (cfs) (ft) (cfs) 

N eha l em 2 2 . 6  - - - 23 . 0  48 , 000 

W i lson 1 5 . 7  32, 000 1 6 . 9  33, 000 

Trask 22 . 0  30, 000 1 8 . 3  2 1 , 400 

Nestucca 1 3 . 2  22, 800 1 2 . 2  20, 600 

* Da ta provided by Russe l l  M orrow , U . S . Army Corps of Engineers . 
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F igure 30. One of the many sma l l  log jams in  the tribu­
tary channels of the Wi I son River . The volume of 
water that is impounded behind the dams in regions 
of steep terrain and narrow canyons is negligible, 
and the potential for related flood activity is  
i nsignifi cant . · 
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Figure 31 . A scree of logs spreading down a side canyon. 

Accumulations such as this are soon fil led with debris 
and bound wi th brush; in most instances they retard 
erosion. 
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D i s t r i b u t i o n  o f  F l o o d  A r e a s 

Al though high streamfl ow in the uplands does not resu l t  in i nundation of the upland val l ey areas, 
it i s  s ignificant in terms of stream-bank eros ion, h igh ground-water tab l e ,  and fl ash fl ood i ng .  S tream­
bank erosion is most i nte nse on the outer turns of  channe l s  and is i nd ica ted on the hazards maps . H igh 
water tab l e  may buoy or damage buried storage tanks, foundat ions , and sw imming pool s .  I t  may al so 
adverse ly affect dra inage from sept ic tanks . F l ash fl ood i ng from side channe l s  is a seasonal danger 
e speci a l l y  in the Wi l son and Trask dra inage s .  

Col umbia River val l ey 

That part of the Col umbia R i ver  which borders the project area is tota l ly  estuarine and undergoes no 
signifi cant seasonal fl uctuations i n  depth and areal extent . T he sma l l  streams dra in ing i nto the Col umbia 
R iver are subject to on ly moderate variations in streamfl ow and general l y  pose no threaten ing hazards to 
most of man ' s  acti vit ies.  The Big Creek dra inage, howeve r ,  is  subject to torre ntia l  flooding and rel ated 
erosio n .  

T he vo l canic terra in ,  steep slopes , and low permeab i l i ty of  the B i g  C reek dra i nage area account i n  
l arge part for t h e  h i g h  runoff . I n  addi tion , the h igh rel ief o f  the surroundi ng mountai ns may i nd i rect ly  
i nduce heavy ra infa l l s .  

Torrential  flooding of Big Creek i s  ind icated by the l arge bo ul ders i n  the stream channe l , the abun­
dance of l og accumul ations, many of which are stranded high above summer water l eve l , and the w ide­
spread caving of the stream bank . Commonl y trees and e ven  c l umps of trees are sent cascading i nto the 
creek as the ground beneath them is  removed . The meander pattern of the creek (not tota l l y  evident on 
the maps) further co ntributes  to the damage by d i recting fl oodwaters agai nst the banks and causing stream­
bank erosion . 

Duri ng the wi nter fl oods of 1 972 the Big Creek fi sh hatchery was damaged and farther downstream 
towards Knappa r iprap and d i kes were partia l l y destroyed . I n  add i tion, fi e lds were partia l ly si l ted , logs 
w ere stra nded on farm land , and th e forma tion of gravel  bars near Knappa Junc tion par tia l l y b loc ked th e 
channe l  of the ri ver . 

I n  the middl e and upper reaches of Big Cree k ,  stream-bank erosion i s  the most significant hazard . 
R iprapp ing with stones up to three fee t  or more in d iameter i s  req uired to preserve the road from destruction 
i n  critical areas (F igure 32). The numerous bridges crossing Big Creek have been constructed of steel  p i l ing 
and concrete . I n  many i nstances, however , even this  has not been  tota l ly adequate because the streams 
have undermi ned the approaches . 

N e ha lem River bas in  

T he major probl em associated with  fl ood ing i n  the  N ehal em River basin i s  stream-bank erosion . The 
terraces are  composed of unconsol idated sand a nd s i l t ,  a nd the main channe l fol l ows a sinuous co urse through 
the terraced va l l ey .  Lateral erosion is characterized ma in ly  by sl ump and may be a potential  threat to 
h ighways where abrupt turns in t he river are situated very near the roads (sees . 22, 23, 24, T .  6 N . ,  
R .  6 W . ,  and sec . 6, T .  5 N • , R .  6 W . ) .  

I n  the middl e reaches of the N eha l em River i n  the vi c in i ty of E l s ie,  Jewel l J unction, and Pope 
Corner,  terrace leve l s  are somewhat l ower than i n  the upper reaches . The additional hazards of local ized 
poor drai nage , high ground water, and possibl e overfl ow are introduced . More deta i l ed investigation of 
these factors shoul d be considered prior to development . 

South of Jewel l Junction the stream grad ient i s  considerably  greater than to the north and the tend­
ency to over low in times of flooding is  d imi nished . T he channel is cut i n  bedrock and stream-bank erosion 
is min imal . Under such cond i tions , however ,  fi l l  p l aced in the stream is  re l ative l y  unstabl e .  Consequentl y ,  
i f  fi l l  i s  used i n  this  a rea , care shoul d be taken to assure t hat the riprap is l arge enough to withstand current 
ve loc ities . 
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Figure 32. Intense flood activity a ttacks the stream bonk at every turn 
a long Big Creek; here riprop has been placed to protect the rood. 

Figure 33. Damaged house partially buried in 
debris brought down Negro Jock Creek 
{sec . 8, T .  1 S . ,  R .  8 W . )  during the 
floods of 1 972. Conditions a long the creek 
conducive to flash flooding include short 
channel length, steep slopes, and imper­
meable bedrock. 
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W i l son River basin 

In re l at ion to fl ood i ng ,  the ma jor hazard in the W i l son R iver drai nage basin is  fl ash flood ing . Duri ng 
the floods of 1 972 , torrents from side channe l s  swept over the mai n  h ighway i n  doze ns of pl aces , caus ing 
major damage at several l oca l i t ies . Mudflows are an add i tional hazard , especia l ly i n  the lower rea ches . 
T he actual channe l of the r iver is scoured in bedrock throughout i ts e ntirety and l atera l  migration under 
natural condi tions is  m in imal . However,  bank erosion in areas of fi l l  consti tutes a hazard . In addit io n ,  
flood waters l aden with  l ogs can i nfl ict  considerab le  damage on man -made st ructures extend ing i nto the 
river . 

A mudflow (discussed i n  section on landsl ides) b locked the Wi l son R iver in its l ower rea ches (sec . 1 8 ,  
T .  1 S .  , R .  9 W . )  i n  1 965 , bri nging the threat of catastrophi c flood ing to the I owl ands downstream . Duri ng 
time s of heavy rai nfa l l a nd stream fl ooding the possib i l i ty of l a ndsl ide damming is a danger not onl y a long 
the W i l son R i ver  itse l f  but a l ong most of i ts major tributaries as we l l . People resid ing a long major stream 
channe l s ,  the re fore . shou ld be aware of the danger and of the si gns indicating that upstream damm i ng has 
take n p lace (see recomme ndations) . They shou l d  be advised that immediate evacuation is imperative w hen  
these i nd ications are see n .  

T he major hazard throughout much of the basin i s  fl ash flood ing . I n  the lower reaches of the Wi l son 
R iver, Deadman Cree k ,  Ne gro Jack Creek , Smith Creek , S l ide Creek, and Fern Creek exhi bit  pote ntial 
for f lash fl ood ing .  Because the primary govern ing factors , which inc l ude steep sl ope , impermeabi l i ty ,  
and heavy ra infa l l , are beyond human control , prevent ion of flash flooding is  not possi b le . The mai n  
means of m inimiz ing damage , there fore , i s  to avoid p lac ing permanent structures in  the downstream sections 
of these creeks . Had this precaution been fo l lowed at an earl ier date the recent damage at the mouth of 
Negro Jack Creek (see F igure 33) wo uld not have occ urred . 

Direct ly across the W i l son River  from Negro Jack Creek and co l i near w ith it is an  unnamed creek 
with a potential for fl ash fl ood ing . The surrou nding area (NE� sec .  1 7 ,  T .  1 S . ,  R .  9 W . )  is designated 
for future use as a recreation area . I f  permanent structures are anti c ipated , they shou ld  be pl aced far 
e nough from the stream to avoid poss ib le  damage from fl ash fl ood ing . 

I n  the upper reaches of the W i l son River,  an unnamed stream 2 mi l es upstream (se c .  4, T .  1 N . ,  
R .  6 W . )  from McNameras Camp is a l so sub ject to fl ash flood ing . I t ,  l ike most streams subject to fl ash 
flooding in the upl ands ,  is characterized by steep s lope , impermeab le  bedrock , and a channel  l e ngth of 
one mi le or l ess . During the w i nter storms of 1 972 a l ogging road crossi ng the stream washed out, l eaving 
a gul l ey 20 feet deep and 30 feet across ( F igure 34) . I n  l ight of the information presented in th is  report 
such damage was predi ctabl e a nd wi l l  probably occur agai n .  

Repairs o f  the washout inc l uded the p l aci ng of a sma l l  cu l vert ( F igure 35) i n  the rav ine and recon­
struct ing the road . Th i s  is commo n procedure throughout much of  the Coast Ra nge of Oregon . I n  view of  
the large stream flow , however ,  l arge cu l verts are needed . Proper construction of logging roads a t  ravine 
crossi ngs and insta l l ation of cul verts adequate for max imum flow dur ing fl ash floods is essentia l  to avoid 
washouts and a l so to avoid add it ional fl ood i ng downstream . C ul verts shou l d  be protected from b lockage 
by logs and debris whenever possib l e .  Improperly designed ravine cross ings may function as dams and may 
break in times of peak flood i ng .  I n  this way they can cause co nsiderab le  damage downstream in much t he 
same manner as do l ands l ide dams . 

Trask R iver bas in  

In  terms of  fl ood i ng the major hazards a l ong the Trask R iver are l a ndsl ide damming in  the upper reaches 
and fl ash flooding of the side channe l s  in the upper a nd lower reaches . In the va l l ey bottom, terrace 
l eve l s  are fa ir ly high a nd bedrock is  near or at the surface . Danger of appreciab le  stream -bank eros ion 
i n  the ma i n  c hannel is m inimal . Stream-bank erosion of some of the tributaries and parts of the upper main 
channe l ,  however,  is s ignificant . 

F l ash fl ood ing due to steep s lopes ,  impermeabl e bedrock , and intense wi nter rai ns is a hazard a l ong 
many of t he short streams in the lower Trask dra inage inc l uding Cedar C reek (F igure 36) ,  Panther Creek 
(Figure 37) ,  Burton Creek , a nd others (F igure 38) . In 1 972 co nsiderable upstream flash fl ood damage was 
done to the main road one m i l e  south of Trask House (F igure 39),  where a short un named stream washed 
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Figure 34. Heavy equipment being used to repair a washed out road 
a long a short tributary of the upper Wi lson River (sec . 4, T. l N . ,  
R .  6 W .) . Flash flooding is a common occurrence in the Wilson 
River dro i noge . 

Figure 35. Another view of the some washout .  
From the extent of the damage to the road 
and along the creek downstream, i t  is evi­
dent that the new culvert wi l l  be insuffi­
cient to handle the volumes of water that 
can be expected in future flash floods. 
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Figure 36. Coarse debris and logs marking the route of the flash flood 
down Cedar Creek {sec . 30, T. 1 S . ,  R .  8 W . )  during the winter 
storms of 1 972. 

Figure 37. Debris-strewn channel of Panther Creek, which flash 
flooded during the winter storms of 1 972. Panther Creek is located 
one-fourth m i l e  from Cedar Creek, which flash flooded during the 
same storms. 
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out the road (sec . 6 ,  T .  2 S . ,  R .  7 W . ) .  S tructures shoul d not be pl aced d irect ly  i n  I i ne wi th  streams of 
high fl ash flood potent ia l , and roads crossing ove r them shoul d rest on cul verts of adequate size . L ikewise, 
logging roads and other roads h igher on the slopes should be designed so as not to restri ct the flow of water . 

I n  the upper reaches of the South Fork of the Trask R iver ,  terraces are not devel oped and stream­
bank erosion is d i rected agai nst the h i l l sides . W here streams twist their  way through steep canyons, under­
cutt i ng l ocal l y  is qui te pronounced a nd in  p l aces has triggered l a rge -sca l e  mass moveme nt . 

I n  sec . 1 3 , T .  2 S . ,  R .  8 W . ,  a massi ve earthflow exte nds from the riverbed upsl ope for a d istance 
of nearly one m i l e .  W idth of the s l ide is approximately 1 , 000 feet . As the stream conti nues to undercut 
the toe of the s l ide during future fl oods, the overa l l  sl ide mass wi l l continue to migrate s low ly  downsl ope . 
Episodica l ly the sl ide may b lock the cha nne l as i t  did duri ng t he January floods of 1 97 2 .  Under these 
conditions streamflow is  redi rected aga i nst the west bank of the creek , where it proceeds to undercut and 
wash out the road . 

S imi lar  sl ides i n  varying degrees of devel opment are present throughout the upper part of the South 
Fork of the Trask R iver  drai nage . Undercutt ing of steep slopes at curves in stream channe l s  is  i nstrumental 
i n  the formation of many of them . In the s l ide described above , adequate treatment of the road or re location 
may be desi rob I e for severa l reasons . The sl ide is located on the main stream , it  affects access southward 
to the Nestucca bas in ,  and it is central l y  located with i n  severa l l arge p lots of l and reserved for recreat ional 
deve lopment . A l so i t  i s  perhaps the most active sl ide i n  the area . 

Nestucca River  bas in  

The upper Nestucca R iver basi n i s  chara cteri zed by gent l e  re l ief, more vegetati ve cover ,  and longer 
side channe l s  than the more hazardous parts of e i ther the W i l so n  or the Trask R ivers . The dange rs of f lash 
flood i ng  are correspondingly dim i n ished . Terraces are re lat ively high west of Bl a ine ,  and the stream cha n ne l  
i s  scoured out of bedrock east o f  B I ai ne . Stream -bank eros ion , a l though sti I I  a hazard , is not extreme • 

No streamfl ow data are avai I obi e for the study area . 

E a r t h q u a k e s  

T he west coast of North America is  situated with in  a n  active tectonic be l t  which encirc les the Pa cifi c  
Basi n .  Eart hquake activ ity i n  parts of Ca l i fornia is  among t he most i ntense i n  the  worl d ,  a nd activ ity i n  
Washi ngton is  moderate .  The se ismic i ty o f  Oregon by comparison i s  gentl e ,  and earthquake potential i n  
t he study area is  considered on ly  a s  a secondary hazard beh ind flood i ng and mass wasting . 

T here is no d i rect evidence of recent act ivity a long a ny of the fau l ts inferred i n  the mapped area . 
The youngest strata transected by faul ts are Ol i gocene i n  age . The compl ete seism ic  record for the north­
western U ni ted States for the past 1 0  years shows this part of Oregon to be i nact ive (Nationa l  Geophys ical 
a nd Sol ar Terrestria l  Data C e nter, De nver, Colorado ) .  However ,  an  earthquake of I ntensity IV (Tabl e 3) 
occurred near T i l l amook on February 1 4, 1 939 , and an earthq uake of I ntensity V I  was centered near 
Beaver on November 1 7 ,  1 957 (Sch l icker  a nd others ,  1 972) . Moreover, the youthfu l canyons and river 
terraces throughout the mapped area i nd icate that regional up l i ft conti nue s .  

I n  regions o f  moderate to steep slopes and unstabl e ground cond it ions (such a s  much of the proj ect 
area ) ,  earthquake vibrations could in i tiate significant s l ope fa i l ure . I n  th i s  regard l arge earthquakes 
generated outside the study area are of interest . A tota l of 47 quakes have been fe l t  in the Port l a nd area 
s ince 1 841 , and one was fe l t  over an area of 20, 000 square m i l es (Sch l icker and others , 1 972) . An earth ­
quake ce ntered i n  Olympia ,  Washington,  on Apr i l  1 3 , 1 949 , was fe l t  as far south as Cape B lanco on the 
southern Oregon coast . 

On the geo logic maps severa l faul ts of local exte nt are suggested to exp la in  appare nt offsets of 
various rock un its . The faul ts are specu l at ive and sho.ul d be viewed primari ly  as too l s  of the geo logist 
to exp la in  l ocal geol ogy rather than as documentation of recent tectoni c  activity . There is no evidence 
to suggest that any of the inferred fau l ts are present ly active . 

I n  genera l , earthq uake acti v i ty is important to the area onl y i nsofar as it may tr igger mass wast ing 
i n  previous ly unstab le  areas . Earthquake activity is just one of many factors which  may in i tiate s l iding, 
a nd i t  shoul d be regarded as a hazard of secondary importance . 
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Figure 38. Cluttered channel of a sma l l  unnamed tributary (sec . 22, 
T .  1 S . ,  R .  8 W . )  of the Trask River which flash flooded during 
the winter storms of 1 972. The stream exhibits many features 
conducive to flash flooding . 
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Figure 39. Washout of the Trask River High­
way (sec. 6, T. 2 S . ,  R. 7 W . )  caused 
by the winter storms of 1 972. High flow 
of the Trask River (right of photo) was not 
a factor . Al l  damage was caused by flash 
flooding of o sma l l ,  seemingly insignifi­
cant side channel .  
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MIN ERAL RESOURC ES 

Known minera l  resources i n  the upl ands area are of m i nor importance . Quarry rock of variab l e  
q ua l ity i s  ava i l ab l e  loca l l y and i s  used primar i ly  for local projects . I n  the ri ver va l l eys,  ground water 
i s  ava i l ab l e  i n  I imited quantit ies and is  used primari l y  for domest ic  purposes .  With  the exception of 
sparse sand and gravel resources ,  no othe r minera l  weal th  is  recognized in  the region at the present t ime . 

Q u a r r y S t o n e  

Quarry operations i n  the upl ands are l im i ted i n  scope and number,  and a systemat ic eva l uation of 
stone reserves in the area has yet to be conducted . The economics of haul ing dicta te that quarry opera­
tions be l ocated w i th in  20  mi les of the i nte nded market . Consequent l y ,  present operations are aimed 
primari ly at loca l  uses,  such as road construction and mai ntenance . In future years as the need for quarry 
rock expands i n  coastal T i l l amook and C l atsop Count ies ,  however ,  quarry rock resources of the upl ands 
may undergo reeva lua tion . 

I ntrusi ve bodies yie ld  the best q uarry stone . Genera l ly speaking,  it is better sui ted than stream 
grave l for use in construction of paved surfaces, macadamized roads , and o i l  roads . Coarsely  joi nted 
i ntrus ive rock is idea l l y  suited for l arge stone used as riprap . No significant deposits of very coarse ly 
joi nted i nt rusive rock suitab l e  for jetty construction is  apparent i n  the study area . 

F low rocks a nd breccias form exte nsive exposures throughout m·uch of the mapped area . Owing to 
widespread a l teration , local deep weather ing,  and the presence of i nterca l ated sed imentary rock ,  however, 
l it t l e  of it compares in q uant ity to the i nt rus ive rocks . Consequent ly i t  is used only on a very l imited basis  
i n  l ogging-road construct ion . 

Col umbia R i ver va l l ey 

Severa l active q uarry operat ions are l ocated near the Big Creek F ish Hatchery a long the lower reaches 
of Big Creek in t he Svensen quadrangl e .  Genera l l y  the rock consists of basa l t i c  breccia , pal agonite 
(a l tered gl ass), and i ntercal ated sedimentary rock and is of poor q ua l ity . Much of the stone is used for 
the mai ntenance of secondary roads farther up t he creek and in  the surround i ng area . T he scattered l a rge 
b locks tha t  are avai lab le  are used for riprap a long the creek . Because t hey are composed of breccia they 
are not su i tab le  for jetty construction . Quarry operat ions in the lower reaches of B ig  C reek are hampered 
by the steepness of the s l opes ,  a factor which l eads to rapidly i ncreasi ng overburden a nd suscept ib i l i ty to 
s l i d ing as the operation advances i nto the h i l l side , 

Scattered sma l l er quarries on the  upper s lopes of Wickiup Mounta i n  (sees . 7 ,  1 8 , 1 9 ,  29 , T .  7 N . ,  
R .  7 W . )  are characterized by l ow vol ume ,  restricted access, and the abundance of associated sedimentary 
rock . Use is restri cted to loca l ized mai nte nance of nearby access roads . The quarries do not represent a 
future resource of significant proport ions . 

The flows of dense subaeria l  basa l t  exposed on the east face of N i co la i  R idge are composed of 
exce l l ent quarry rock . A l though interbeds of sandsto ne and t he height of the cl iffs i ntroduce the threat 
of undercutt ing and s l i d ing,  proper ly engineered procedures such as bene hi ng cou ld  possib ly make this 
resource accessibl e i n  the future . There is no q uarry i ng in the area at the present t ime . The ge ntl e north 
s lope of N icol ai  R idge in pl aces offers the pote nt ia l  of l arge-sca l e  operations in basa l t  by removal of 
residual so i l  which is genera l ly less than 1 0  feet th ick . 
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N e ha l em R iver basi n 

T he N e ha l em R iver basin  is one of the most promis ing regions of the upl ands as a l arge-sca l e  future 
source of high-qua l ity quarry stone . Widespread d ikes of Miocene and Eocene age appear  suitab l e  for 
future deve lopment shoul d  the econom ics of ha ul i ng become more favorabl e .  

Fresh, medi um-jointed d ike rock forms a n  impress ive exposure a l ong Sunset Highway immediate ly 
east of  the North Fork of  Quartz C reek ( Figure 40) . Al though no de fin i te record is readi ly  ava i l ab l e ,  i t  
i s  I ike l y  that th i s  deposit  has served as a local source of rock for h ighway construction a nd maintenance 
in the past . Farther east add i tiona l d ikes and i ntrus ive compl exes may have potent ia l  as future sources of 
q uarry rock . 

I n  the northern Saddl e Mountai n  and B i rkenfe ld  q uadrangles numerous co l i near d ikes of basal t ic 
rock form three northeast-trending ridges at Fishhawk Fa l l s ,  Fl agpol e and Boi l e r  R idges, a nd near Wal ker 
Creek . Severa l sma l l quarr ies are scattered throughout the area . Overburden i s  m i nimal a long many of 
the ridge crests and rock qua l i ty is genera l ly good . With adequate economic incentives these exposures 
coul d consti tute significant resources if vol ume is  suffic ient . 

I n the centra l Sadd l e  Mounta in  quadrangl e the Orego n H ighway Division i ntermitte ntly operates 
q uarrie s  a l ong Humbug C reek (sees .  22, 25 , T .  5 N . ,  R .  8 W . )  a nd d i rect ly south of Humbug Mounta in  
(se c .  1 7 , T .  5 N . ,  R .  8 W . ) . The  rock is of good q ua l i ty for use a s  road metal  a nd overburden i s  not 
excess ive . S ignificant ly ,  numerous othe r  d ikes of s imi lar  origin a re present nearby , offering the possib i l ity 
that q uarry rock may be p l ent iful in the area . Immediate ly  south of the highway the d ike cl uster forming 
the core of H i l l  1 794 may form an exce l l ent future source of quarry rock .  

W i l son River bas in  

I ntrusive basa l ti c  rock is fai rly widespread i n  the val l ey wal l s  a long the midd l e reaches of the  W i l son 
R iver . I nd ividual pi utons are I imi ted in size , however, and overburden is  a prohibit ive factor i n  many 
instances . I ntrusive rocks are part icu lar ly  abundant in the hi l l s east of Jorda n C reek . 

At higher e levations i n  the middle reaches of the rive r  and at road l evel i n  the l ower and upper 
reaches of the r iver,  fl ow rock and breccias are abundant . Distance to market a nd local variat ions i n  
a l teration, hardness , and weathering make most of the  rock unsuitab l e  for use , howe ver . I n  p l aces a long 
the upper reaches of the river dense , col umnar, subaeria l  fl ows may be of future significance . 

Trask R iver bas in  

Vol can ic  and i ntrusive rock form extens ive exposures throughout much  of the Trask R iver dra i nage 
area and are quarried l ocal l y  for use as road meta l . As in the W i l son  R iver  dra i nage area,  the i ntrusive 
rock is h igher i n  qua l ity than the fl ows and bre ccias . I ntrusive basa l t  is most abundant a l ong the North 
Fork of the Trask R iver  w here i t  i ntrudes l ate Eocene sedime ntary rock . I n  many areas a long the South 
Fork of the Trask River th ick overburden and a widespread tendency towards massive ground fai l ure a re 
among the factors w hich  pro hibit  extens ive q uarry ing . 

Nestucca R iver basi n 

Vo l conic fl ows a nd breccias are abundant on  the upper s lopes of the Nestucca River dra inage , and 
i ntrus ive rock of h igh qua l i ty is ava i l able i n  l imi ted quantit ies in the lower canyons of the midd l e  reaches 
of the Nestucca River .  A l t houg h overburde n is frequently a I imi t ing factor,  severa l  q uarries are in opera ­
tion immediately upstream from B la ine . 

Al ong the ridge crests near C l arence Creek Road severa l sma l l  basal t ic  i ntrusives l ie with in  the 
predom inant ly  sedimentary terra i n .  The re , sma l l -sea l e  i ntermittent q uarry i ng serves the loca l needs for 
secondary road maintena nce and construction (F igure 4 1 ) .  



M l  NERAL RESOURCES 

Figure 40. Basaltic dike rock exposed immediately east of the South 
Fork of Quartz Creek on the Sunset Highway (sec . 1 1 ,  T. 4 N.,  
R.  4 W . ) .  AI  though Iorge amounts of rock ore avo i loble at this 
and similar dikes, distance to market at the present time is 
prohibitive. 

Figure 4 1 .  Smal l  quarry in intrusive basa l t  of medium hardness on the 
C larence Creek Rood in south-central Blaine quadrangle (sec . 24, 
T .  3 S . ,  R .  8 W . ) . Typical of most quarries in the immediate 
vicinity, this quarry is sma l l  and serves only local needs. 

51 



52 I N LA N D  T I L LAMOO K A N D  C LA TS O P  COU N T I ES 

S a n d  a n d  G r a v e l 

Few economic  deposi ts of sand or gravel are re cog nized a long the major streams of the study area . 
The flood p la ins are too narrow and t he terrace deposits ge nera l l y  are too sma l l  or are of the wrong compo­
sit io n .  For i nstance , the terraces a l ong the N eha l em R iver are composed primari l y  of s i l ty sand and conta in  
few pebb l es . Perched terrace deposits a l ong most of  the  W i l son and Trask R ivers conta i n  h igh percentages 
of pebb les  and cobbl es l ocal l y ,  but are far too l im ited in exte nt to be of economic  interest . The flood 
p l a i ns of both  t he W i l son  and the Trask R ivers are too narrow to contain economic quantities af grave l . 
A sma l l  gravel operation is s i tuated i n  the flood p la i n  of the Trask R iver  immediate l y  west of the study 
area,  howeve r .  No gravel deposits are known a long the N estucca R i ver a l though the wider parts of the 
flood p la in  may have some unre cognized potent ia l . Economic deposits of sand or gra ve l  are not recognized 
a long t he Col umbia R ive r .  

I n  northern C l atsop County t he upper Miocene sandstone (Tmus) may have some potential  a s  an eco­
nomic source of sa nd . Many exposures are characterized by an abunda nce of moderate ly  sorted medium­
gra ined sand . At Gnat C reek cons iderable quant it ies of sand have been  excavated for the product ion of 
ceme nt m i x .  

G r o u n d  W a t e r  

T he study area i s  characterized by heavy wi nter ra ins ,  dry summers, impermeabl e bedrock , variabl e 
vegetat ive cover ,  a nd ge ntl e  to steep sl ope s .  Rel atively l i ttl e water  i s  retai ned by the ground . Total 
runoff amounts to approx imate ly  three-fourths the annual precipitation and it is concentrated i n  the w i nter 
months . 

Bedrock consi sts of ' t ight '  vo l canic  and sed imentary rocks i n  the N estucca , Trask , and W i l son River 
d ra i nages and in  the l ower N eha lem Basi n .  Bedrock i n  the upper N e ha l em Basin consists of impermeab l e  
c l ay s i l tstone and m inor sandstone . I n  the Col umbia R iver val l ey ,  bedrock inc l udes impermeabl e vo lcanic  
rock and c lay s i l tstone; a l so prese nt are l arge expanses of permea ble sandstone and sandstone i nterbeds in 
t he basa l t  at lower e l evations . 

The l ack of consol idation and the fla t  topographic expression of the terrace deposi ts in the upper 
N ehalem River Basin apparently favor the storage of ground water and the overal l we l l  productio n there 
is s ignificant ly  hi gher tha n in the val l eys to the south . The ground-water potentia l  of the Col umbia R iver 
val l ey area i s  re lat ive ly  good i n  p l aces . 

Wel l data for 37 water  wel l s  i n  in land T i l lamook and C l atsop Counties are presented in Tab le  4 .  
F igure 42  exp l a ins t he we l l -numbering system . Al though the  tota l number of wel l s  i s  sma l l  and the specific 
loca l i ties of most of them coul d not be determ ined , se veral s igni fica nt concl usions regard ing water produc­
tion can be drawn . 

I n  the up l and areas water we l l s  are basi ca l ly  restricted to val l ey a nd canyon bottoms . Because 
stream flow is so low in  the dry summer months and runoff i s  sa abrupt fo l lowing winter storms , it can be 
i nferred that i nfi l trat ion on the mountai n sl opes i s  mi nimal a nd water potentia l  away from the major va l l eys 
is very low . Al most a l l  producing we l l s are dri l l ed i n  sedimentary rock . 

Static water l evel is 50  feet or l ess i n  most wel l s  of the N e ha lem River val l ey and it is 30 feet or l ess 
i n  most of the wel l s  of Ti l lamook County . Total depth of  producing wel l s  is genera l ly l ess tha n 200 fee t .  
Water production i s  errat ic  eve n  w i th i n  sma l l  areas . I n  searchi ng for water ,  therefore , it i s  advisab le  to 
d ri l l  several we l l s of a few hundred feet or l ess in depth rather tha n one we l l  wi th  a depth equa l l i ng t he 
tota l depths of the sha l lower we l l s .  

As shown o n  t he accompany i ng graphs (Figure 43) , most of the producing wel l s  y ie ld  approximate ly 
20 gal l ons per m inute i n  in l and C l atsop County and 1 0  gal lons per m i nute i n  i n l a nd Ti l l amook County . 
I t  is emphasized that these product ions are obta ined under conditions of low density dr i l l i ng .  

T he yie ld  of the Oregon State Game Commission wel l a t  Gnat C reek (sec . 24a , T .  8 N . , R .  7 W . )  
i n  northern C la tsop County i s  unique i n  its magni tude ( 1 67 gal l ons per m inute ) .  I n  addi tion the we l l  was 
artesian w hen  it was first dri l l ed .  Exami nation of the wel l log  ind icates that a th ick i nterbed of permeab l e  
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sandstone i n  the impermeabl e basa l t  sequence is the produci ng hor izo n .  Evidently t h e  sandstone i nterbed 
crops out farther up the slope w here it  rece ives  its water . I t  is poss ib le  that other wel l s  dri l l ed in the 
area wou ld  produce considerab l e  quantit ies of wa ter ,  if t hey were dr i l l ed deep enough to pe netrate the 
upper flows of basa l t  and to rea ch the saturated sandstone interbed . 

Future p l ann ing for the up lands areas should consider the restr ictions and potentia l s  p laced by the 
low ground-water potential of the area as a w hol e .  With the possib l e  exception of the lower north sl ope 
of N i co la i  R idge h igh ground-water prod uction for i nd ividual wel l s  should not be ant ic ipated . Red uced 
yie ld  per we l l  in areas of high density dri l l i ng should a l so be expe cted . 
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Figure 42 . We l l-numberi ng system . 
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Figure 43 . Wa ter-we l l yi e ld for Ti l lamook and C l a tsop Counties . 
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Tab l e  4.  Wa ter we l l lag da ta 

S tat ic  wa ter Yi e ld  
Loca tion Owner Depth l eve l  (gpm ) 

CLATSOP COUNTY 

8 N I 7 W - 1 5  C l ark 240 1 1 7 3 
8 N I 7 W - 1 6  Fl ores 1 85 70 1 0  
8 N I 7 W - 1 6  Bridgens 78 26 20 
8 N I 7 W -24a Ore .  Game Cam . 305 Artesian 1 67 
8 N I 7 W -30c 
4 N I 7 W -3 
4 N I 7 W -4 
4 N I 7 W -4 
4 N I 7 W -5 
4 N I 7 W -6 
5 N I 7 W -4Aa 
5 N I 7 W -22 
5 N I 7 W -29 
5 N I 7 W -2 1  
5 N I 7 W-29 
5 N I 7 W -29 
5 N I 8 W -25 
5 N I 7 W -28 
5 N I 7 W -29 
5 N I 7 W -31 
6 N I 6 W - 1 
7 N I 6 W - 1  
7 N I 7 W -4 
7 N I 7 W -4 

1 N I 7 W -30 
1 N I 7 W -9Bb 
1 N I 7 W -30 
2 N I 7 W -2Ab 
1 S I 7 W -7 
2 S I 8 W -1  
2 S I 8 W - 1  

Shafer 
Morgan 
Prier 
Price 
Johnson 
Mowick 
Soderback 
Fairchi l d  
Morgan 
Hemphi l l  
Margan 
Margan 
Jepson  
Ha le  
Smith 
(amberg 
Gordan 
Bond 
Svehag 
Svehag 

Bache lor C l ub 
Forest Service 
Crass 
Er ickson 
-------
Phi l  ips 
Pendergrass 

3 s I 7 w -27 BLM 
3 s I 7 W-27Bd BLM 
3 s I 8 W -30 Harris 
4 s I 8 W -2 K i ng 
4 s I 8 W -3 Herr 
4 s I 8 W -3 Herr 

95 1 3  1 0  
600 29 9 

70 24 1 2  
60 1 8  30 

250 50 2 
300 4 20 

6 1  20 5 
1 65 55 8 
300 30 30 

62 1 4  1 2  
2 1 5  50 20 
200 50 20 

45 1 0  1 5  
1 25 1 2  
1 20 1 5  60 
255 40 1 5  

68 1 4  1 5  
1 95 85 50 
70 
49 1 6  20 

T ILLAMOOK C OUNTY 

65 30 8 
1 1 0 2 22 
2 1 5  1 0  2 

85 24 1 0  
48 2 1  20 

1 45 1 6  1 5  
200 1 8  5 
250 2 1  2 
206 2 1  30 
205 20 

65 34 1 0  
90 1 6  1 
40 1 2  7 

Drawdaw n Bedroc k 

0 Sed . 
3 Sed . 

20 Sed . 
2 1  Sed . &  basa l t  
87 Sed . 

235 Sed . 
46 Sed . 
20 

1 50 Sed . 
260 Sed . 

20 Sed . 
75 Sed . 

1 20 Sed . 
1 0  Sed . 

1 1 0 Sed . 
1 1 5 Sed . 

20 Sed . 
Sed . 

30 Sed . 
1 82 Sed . 
39 Sed . 
25 Sed . 

Sed . 
4 Sed . 

5 Sed . 
30 Sed . 

1 90 Sed . 
49 Sed . 
1 9  Sed . 
35 Sed . 
60 Basa l t  & Sed . 

229 Basa l t  
83 Basa l t  

Sed . 
1 4  Sed . 

28 
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S U MMAR Y  

The parts o f  t h e  basi ns o f  t h e  N eha lem , Wi l son , Trask , and Nestucca R ivers i nvest igated i n  th i s  
study are subject to a variety of geologic hazards of i nterest to  t he pl anner . Cond i t ions l ead i ng to  i nsta­
bi l i ty vary in re lat ive importance from place to p l ace and inc l ude rock type,  s lope , c l imate , dra inage ,  
vegetat ive cover ,  and numerous other factors . Information presented i n  thi s report may l ead to revis ions 
and addi t ions to zoning regul ations and bu i l d i ng codes and shou ld  serve as reference mate ria l  for numerous 
other county functions i nvol ving l a nd use . 

Areas of steep s l ope are susceptibl e  to rocksl ide , rockfa l l ,  rapid earthflow , and s l ump; s lope angles  
are therefore i nd icated on  the geo l og ic  hazards maps . Gentl e s lopes are gene ra l l y more stab l e ,  a l though 
" mass movement topography " ( indicated on the geo logic hazards maps) revea l s  pre vious unstab le  be havior 
over  large a reas . Oversteepeni ng , improper dra inage control , and other a ct ivit ies cou l d  eas i ly  reactivate 
s l i d ing in many of these p l aces . F ina l ly ,  areas of apparent stabi l i ty , in which  s l opes are not steep and 
mass movement features are not re cognized, may in  fact possess a capacity for unstabl e  behavior . Reference 
to the geo logic maps and the text may provide ge nera l i nformation on these potent ia l  probl ems . 

By contrast to the coasta l region , flood ing of the N e ha lem,  W i l son,  Trask , and N estucca Rivers 
i nl a nd is a mi nimal hazard in the study area because of the we l l -devel oped terraces in most of the va l l eys . 
I n  addit ion,  storm tides which  genera l ly accentuate lowland flooding a l ong the coast are not a factor in l and . 
The major dangers associated with  running water i ncl ude stream -bank eros ion a long the ma jor streams and 
flash fl ooding i n  many of the t ributaries . These processes a l so  are i nd icated on the geo logic  hazards maps . 

It is emphasized that this  study poi nts out t he genera l  geo logic hazards arisi ng from natura l cond i tions 
as t hey exist at the prese nt t ime . The purpose of the study is to provide some of the bas ic  i nformat ion 
needed to assure that future devel opments are as inte l l igent ly  keyed to the geologic co ndit ions as possibl e .  

C o l u m b i a  R i v e r  V a l l e y 

The Co l umbia River Va l l ey area is under la in  by many d ifferent rock units ,  ea ch  with  its own part ic­
u lar  set  of stabi l ity characterist ic s .  I n  t he up lands Miocene vo l canic  rock forms gentl e sl opes with a c l ayey 
soi l  cover of vary ing thickness and steep sl opes suscept ib le  to rocks! ide . 01 igoce ne to Miocene sedime ntary 
rocks i n  the midd l e  a nd upper  reaches  of Bi g C reek are undergo i ng a variety of mass wast ing processes . 
The terra i n  is very unstab l e  and this ,  i n  conjunction with the addi tiona l hazard of fl ooding,  makes most 
of t hi s  area unsuitab le  for i ntensive devel opment . 

The low lands are underl a i n  by Ol igocen e to Mioce ne si l tsto ne , upper Miocene sandstone , and 
Q uate rnary a l l uvium . The s i l tstone terra in  near Wauna i s  d isrupted to great depths by ancient l a ndsl ides; 
the assoc iated a l l uvium i s  high i n  orga nic co nte nt owi ng to marshl and deve lopme nt at t he toe of t he sl ide 
as i t  impi nged upon the Col umbia Rive r .  The upper Miocene sandstone ex hibits sha l l ow fa i l ures, espe c ia l l y 
i n  t he northern extremi ties . The Q uaternary a l l uvium of t he Svensen q uadrangle is saturated with water 
a nd is high in organic co ntent; i t  i s  probably best sui ted for agricul tura l  purposes . 

N e h a l e m R i v e r B a s i n  

The N eha lem R iver dra inage area i s  underl a i n  by vol can ic  rocks i n  the lower reaches and by c l ayey 
si l t sto nes and scattered i ntrusions a nd vol canic  rocks i n  the upper reaches . F l at -lyi ng, unconso l idated 
terrace materia l  l i nes the major streams . Geo log ic  hazards inc l ude rocksl ide in the vo l canic terra i n ,  
earthfl ow and a variety of rel ated mass wast ing processes i n  the sedimentary rock terra i n ,  and stream -bank 
erosion a long the N ehal em R iver .  
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Much of the sedimentary rock terra in in the northern Neha l em River basin is unstabl e to semi -stabl e 
a nd is marked by a subdued topographic  expression characteristic of sha l low mass wast ing . Earthflow , 
s lump , and so i l  creep are w idespread in many areas . E l sew here , modifi cations by man such as under­
cutti ng, overl oading,  removal of vegetation ,  and drai nage readj ustments may in i t iate future s l i d ing .  
Genera l l y  speak ing , ridge sl opes are the l east stable ,  and ridge crests and areas around l arge intrusions 
are the most stabl e .  Depths of fa i l ure usua l l y  do not exceed a few tens of feet .  Future p lann ing for dams , 
road construction,  housi ng developments and other  projects must consider present instab i l ity condit ions , 
t he potent ial for future s l id ing,  and the low permeab i l i ty of the strata .  C l ose l y  spaced septic tanks and 
dra in  fie l ds are not recommended i n  the 01 igocene -Miocene sedimentary rock unit i n  areas of moderate 
to steep s lope . 

F lat- ly ing terrace areas a long the ma jor streams are l oca l ly  subject to pend ing , h igh water tab l e ,  
and stream -bank erosion duri ng the w i nter months . Projects i nvo l v i  n g  subsurface development such as 
baseme nts , sw imming pool s ,  and buried storage tanks for fue l  and other material s must consider the possi­
b i l i t ies of buoying or  flooding . Areas of act ive stream-bank erosion shou ld  be  stabi l ized prior to deve lop ­
ment . 

W i l s o n  R i v e r  B a s i n  

The W i l son River drai nage area is underl a in  by impermeabl e vo l canic  rock in t he lower rea ches; 
vo l cani c ,  intrusive ,  and sedimentary rock i n  the m idd l e  reaches; and sedimentary rock and crumbly to 
hard vo l can ic  rock in the upper reaches . Geo l og ic  hazards i ncl ude earthfl ow , rockfa l l ,  mudflow , and 
flash flood ing . 

The mudfl ow of 1 965 , located 8 m i l es east of Ti l l amook , l e ft a l arge hi l l s ide scar which  warrants 
observation or poss ib le corre ctive act ion . Because mudflows tend to be recurrent in the same channe l , 
devel opment of vegetative cover or dra inage adj ustments may be requi red to i nsure aga inst future activ ity . 

T he poss ibi l i ty of l ands l ide dams b locking stream channe l s  and causing catastroph ic  flood ing dow n­
stream is a very real danger i n  the W i l so n  R iver  d rai nage . Residents in the bas in  and in  the coastal low ­
l ands dow nstream shoul d be i nformed that sudden decreases of stream discharge during storms a nd times of 
expected high stream flow may signal devel opment of a l andsl ide dam upstream .  Under these condit ions 
evacuation i s  imperat ive . Methods of dea l i ng with  l andsl ide dams once they have deve loped a l so shoul d 
be formul ated . 

F lash fl ooding of stream channe l s  i n  the middl e and lower W i l son R iver dra inage is a major geologic  
hazard . Because the factors of ra i nfal l ,  basin geometry , s l ope , a nd bedrock permeabi l ity are beyond 
practical human contro l ,  zon ing regu l at ions are perhaps the most rea l ist i c  mea ns of min imiz ing losse s .  
A l so ,  p lans for road construction and repairs across streams subject t o  f lash floodi ng should requi re cul verts 
l arge enough to ha nd l e  the maximum pred ictab l e  runoff . Log jams are not a serious hazard in the W i l son  
River dra i nage . 

I n  ol l areas undercutt i ng shou ld  be avoided and modi fications of dra inage,  vegetation a nd  sl ope 
angl e sho uld  be made only after due consideration has been made of the potentia l  for s l id ing . Dangers 
due to rockfa l l  can be m inimized by screen ing steep s lopes or by period ica l ly  scraping away l oose debr i s  
w i th a bucket scraper . R idge crests and areas ar'ound l arge i ntrusions a re the most stab l e ,  and attempts 
should be made to l ocate necessary roads a long these features . C l osely spaced sept ic  tanks and dra i n  
fie l ds ore no t  recommended in the steep bedrock areas; t hey shou l d  be p l aced i n  the va l l eys away from 
t he eddes of the terrace materia l . 

T r a s k  R i v e r  B a s i n  

The Trask R iver dra i nage area i s  under la in  by impermeab l e  vo l can ic  bedrock in  the l ower reaches  
and interbedded vo l ca nic  and sedimentary rock i n  the  upper reaches . Major geo log ic  hazards i ncl ude 
f lash fl ood ing and earthflow . As wi th  the W i l son River , fl ash flooding cannot be corre cted in a practi cal 
way and shoul d be dea l t  with i n  terms of zoning regul ations . Proper design shou ld be requi red for those 
constructions , such as roads , which  must cross streams subject to fl ash fl ooding . 
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Projects which  affect s lope, vegetation, drainage , and moi sture content of the so i l  must consider 
the in herent instab i l i ty of moderate to steep slope s .  Undercutt ing,  remova l of  vegetation , c l ose spacing 
of  sept i c  tanks and urbanization may in i t iate s l iding i n  certa in  areas . Permeabi I i ty stud ies should be 
required before septic tanks are p laced in bedrock areas . 

An eart hfl ow located one m i l e  south of Hol lywood Camp on the South Fork of the Trask River i l l us­
trates many of  the prob l ems associated w ith suc h ground movement and may warrant rad ical corrective 
action i n  future years . A road bu i l t i nto the r ive r  on the west bank defl ects fl oodwaters agai nst the earth­
flow on the east bank during times of flood ing . Ep isodica l ly  undercutt ing i nitiates sl id i ng ,  wh ich  i n  turn 
b locks the c hannel and causes the road to wash out . At the present t ime c l ose observation is recommended 
to see if recent repai rs of the road are suffic ient to withstand the effe cts of future fl oods . 

N e s t u c c a R i v e r  B a s i n 

The N estucca River dra i nage area is underl a in  by sed imentary rock and minor i ntrusive rock a l ong 
most of the lower s lopes and by vo l canic rock in t he narrow canyon immed iate ly  upstream from Bl ai ne . 
Major geo logic hazards i nc l ude local ized rockfa l l a long the steeper s lopes and earthfl ow in  the sed imentary 
rock terra i n .  F l ash flood i ng does not appear t o  b e  a s  s ignifi cant a s  i n  the W i l son and Trask R iver  drai nage s .  
I n  t h i s  river basi n ,  a s  i n  the others, a know l edge o f  t he potent ia l  for mass movement shou ld  b e  incorporated 
i nto the p lanning processes .  Activit ies wh ich  may e ffect such stabi l i ty factors as slope , vegetative cover ,  
dra inage, and moi sture conte nt of t he soi l  shoul d be regulated . 
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1 .  Steep sl opes are at or near natural equ i l ibr i um and further steepe ning could i n it iate sl id ing . 
Excavations i n  these areas shou ld  be restric ted and shou ld  be proper ly e ngi neered . 

2 .  Excavations i n  areas of mass-moveme nt topography shou ld  be restricted and shou ld  be supervised 
and deemed safe by the appropriate county personnel or by personnel approved by the county . 

3 .  Excavations i n  sed ime ntary rock terra i n  (Tesu , Toms, Tmms , Tmus) shou ld  be proper ly engi neered 
to assure agai nst sl ope fa i l ure . 

4 .  Where strata s lope toward cuts ,  sl ides are easi ly  i n it iated; excavations i n  areas w i t h  suc h unfavor­
ab l e  bedrock condit ions shou ld  be proper ly eng ineered . 

5 ,  T he co unty shoul d  deve lop grading codes cons i sti ng of standards for excavat ions , fi l l ,  and dra inage 
for each rock unit  to min imize s l id ing during and after deve lopme nt . 

6 .  Adequate engi neering studies shou ld  be requi red for a l l  moderate to l arge structures ,  especia l l y  
those p la nned for sedime ntary rock terra i n .  

7 .  Projects i nvo l vi ng mod ifications o f  establ ished dra inage patterns shou ld  be eva l uated i n  terms of 
pote ntia l  for a l tering l a nd stab i l i ty . 

8 .  Pro jects which  i nc l ude pl ans for mod i fy ing the topography o f  s lop i ng areas shoul d be eval uated 
in terms of the effect these changes wou ld  have on drai nage and s l ope stabi l i ty .  

9 .  Pro jects or long-ra nge pl ans invol ving urbanization of give n  areas shoul d be eval uated i n  terms 
of the l ong-range i nfl uence the proposed land use wou ld  have on l and stab i l i ty;  dra i nage is 
partic u lar ly  criti cal . 

1 0 .  Because o f  the pote ntial for ground - and surface -water contam i nation, septic tanks should not 
be p l aced in most bedrock areas; suitabi l i ty at partic u lar sites shou ld  be demonstrated by 
adequate investigat ions . 

1 1 .  C l ose ly  spaced dra i n  fie l ds and septic tanks should be restricted from moderate to steep ly  sl opi ng 
areas because of t he potentia l  for sl id ing .  

1 2 . Roads crossi ng channe l s subject to fl ash fl ood i ng shou l d  be founded on cul verts of adequate s ize 
to hand l e  maximum runoff . 

1 3 . Permanent structures shou l d  not be p l aced i n  channe l s  subject to f lash f lood ing . 

1 4 . T he publ i c  shou l d  be i nformed by t he appropriate a gency that an abrupt drop of stream fl ow 
during ti mes of flooding may signal the deve lopment of a l andsl ide dam upstream .  Evacuation 
procedures for downstream residents shou l d  be formul ated in the event of  such an emergency . 

1 5 .  Mudfl ows are part icul ar ly damagi ng and tend to recur i n  the same channe l ; permanent structures 
s hou ld  not be permi tted in the paths of past mudfl ows . 
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1 6 .  The mudflow 8 m i l e s  east of Ti l l amook shou ld  be studied in greater deta i l  to determi ne the 
potential  for future activity;  a landsl ide dam at this poi nt i n  the Ti l l amook R iver  coul d threaten 
va l l ey areas downstream with fl ash fl ood i ng .  

1 7 .  Records o f  mai ntenance costs shou l d  be kept fo r the road affected by the massive earthflow in  
the upper reaches of the  Trask R iver (sec . 1 3 , T .  2 5 . ,  R .  8 W . ) ; rerout ing i n  the  future may 
be more economica l . 

1 8 .  Future pl anning for the up lands should co nsider the restrictions inhere nt in the low ground -water 
potential  of the area . We l l productions average 1 0-20 gal l ons per mi nute under condit ions of 
low-densi ty dri I I  i ng . 

1 9 .  I n  dri l l i ng for water,  a few moderate -depth wel l s  (200 feet) are more l i kel y to produce water 
than one deep wel l . 

20.  Buoyant structures such as basements, buried gas tanks , and sw imm ing poo l s  shou ld  not be per­
mitted i n  areas of high ground-water tabl e .  

2 1 . Future eva l uation of damsites shou ld  consider t he possib i l i ty of la ndsl ide activ ity in i t iated by 
the fl uctuat ing water l eve l i n  the enti re reservoir area . 

22 . Construction in t he river terrace and a l l uvia l areas shou l d  avoid s i tes subject to fl oodi ng or 
pondi ng of ra inwater . 

23.  Co nstruction i n  the a l l uvial  areas should avoid areas of peat or shou ld  be properly engi neered 
to prevent damage from possib le  d i ffere ntia l  sett l i ng .  

24. Ridge crests are the l east susceptib le  to s l id ing or washouts; secondary roads shou ld  fol l ow ridge 
crests where possibl e .  

25 . F lood currents are part icu lar ly  strong i n  channe l s  scoured in  vo l canic bedrock; p lac i ng of 
art i fic ia l  fi l l  in these areas genera l ly shou ld  not be perm itted . 

26 . Bridges bu i l t  over channe l s  scoured i n  bedrock should be capable of withstand i ng tremendous 
current ve locit ies . 

27 . The 01 igocene to Miocene sed ime ntary rock un it is unsuitable for fi l l  and genera l ly shoul d not 
be used for that purpose . 
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A l l  uvia l :  Descriptive term appl ied to c l ay ,  si I t ,  sand , a nd gravel that has been  transported and deposi ted 
by river actio n .  

Amygdal oida l :  Descriptive term appl ied to flow rock in which the a i r  bubbles  are fi l l ed w i t h  secondary 
m ineral matter such as opal . 

Ant ic l i ne :  An upfo ld  or arch of l ayered rock i n  w hi c h  beds dip away from the axi s  on either side of the 
structure . 

Arkose:  Sandstone composed primari ly  of grai ns of q uartz and fe l dspar and hav ing ve ry l i tt le i ntervening 
matrix . 

Aphaniti c :  An  igneous rock composed of crysta l s  too sma l l  to be see n w i th the unaided eye . 

Attitude :  A measure i n  degrees of the amount and direction of dip or t i l t  of a pl anar body suc h  as a 
l ayer of sed imentary rock . 

Basa l t :  A dark , fi ne-gra ined vol canic  rock composed primari l y  of ca l c i c  p l agiocl ase a nd pyroxe ne; 
occurs in flows,  d ikes and s i l l s .  

Breccia : A rock unit made up o f  coarse a ngul ar fragments . 

Conformab l e :  Re l at ionship of sedimentary rocks orie nted para l l e l to one another and interpreted to have 
been deposited cont inuous ly wi thout any si gni ficant break in deposit ion . 

Congl omerate : Sed imentary rock composed pr imar i ly  of pebbles greater than 2 m i l l imeters in d iameter . 

Consol idated : Loose earth material  that has become firm through compression or ceme ntat ion . 

Creep: S l ow parti c l e-by -parti c l e  dow nsl ope moveme nt of soi l  under the i nfl ue nce of gravity and assi sted 
by a variety of chemica l , physica l  and organic  processes . 

Dike: A tabular  i ntrus ive body of igneous rock that cuts across t he bedding or structure of the adjacent 
rocks . 

Dip:  The ang le of i ncl ination of a t i l ted bed with  a horizonta l p l ane of refere nce . 

Earthfl ow : The dow nsl ope moveme nt of unconso l idated eart h or fragmented rock debris i n  a manner which 
resembl e s  the flow of a h igh ly  viscous fl uid . 

Erosio n:  The removal and transport of earth material  by a variety of mass-wast ing processes and movi ng 
water . 

Facies change :  Subtl e  l atera l variations in rock type with in  a re cognized strat igraph ic un i t .  

Fal l :  A c l ass o f  mass movement wh ich  i nvol ves free fa l l  o f  rock o r  earth materia l  o r  rapid s l i d ing dow n 
steep sl opes . 
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Fau l t :  A fracture i n  rock a long whi c h  d i spl acement has occurred . 

F lash  fl ood: Abrupt rise i n  stream flow aris ing from storm acti vity and caus ing bank overfl ow . I n  the 
study a rea fl ash flood ing is most common a long short side channe l s  to major streams . 

6 1  

F low: A layer of vo lca n ic roc k tha t was or ig i na l ly a lava flow . A l so a c lass of mass movem ent of so i l  and 
roc k ma teria l s  a long innumerab le  sh ifting a nd tra nsbnt shear p la nes; overa l l  movem ent resem b l es 
tha t of a h i gh ly  v i scous f lui d .  

Friabl e :  Descriptive term appl ied to sandstone that is easi ly crumbl ed . 

Gabbro : A coarse -gra ined igneous rock that coo l ed beneat h the earth ' s  surface a nd which is composit ion­
a l l y  s imi l ar to basal t .  

Head (of a s lope) : The upsl ope boundary of a mass of sl ide materia l . 

I gneous: Rocks formed by t he coo l i ng and sol id ification of mo l te n  magma , such  as basa l t  a nd gabbro . 

I ndurated : Converted into rock by heat , pressure , or ceme ntat ion . 

I ntens i ty :  A subjective measure of the strength of an earthquake based on its visibl e effects on the works 
of man at a parti cu lar local i ty . I n  addition to the amount of energy re l eased , i ntensity i s  infl uenced 
by local geo l ogy a nd the nature of man-made structures . 

I ntrusion:  A body of igneous rock implaced be neath the surface of the eart h .  

Jointing:  The prese nce o f  fractures .  

Landsl ide : Perceptib l e  downsl ope movement of earth materi a l  on moderate to steep s lopes . 

lapi l l i :  A descript ive term denoti ng vol canic  tuffs composed of angu lar  fragments vary i ng in s ize from 
4 m i l l imeters to 32 mi l l imeters . 

Lateral equival e nce :  Two di st inct stratigraphic un its known to be of the same age are said to be l ateral 
equiva l ents . 

L i th ic :  Descript ive term app l ied to sedimentary rocks t he i ndividual gra ins of which  are composed of 
vo l canic  or metamorphic rock .  

L i thologi c :  A l oose ly  used term wh ich  pertai ns to rock  compos i tion a nd texture . 

L i t tora l :  Descriptive term referring to t he zone between high and low t ides . 

Magnitude :  An objective measure derived through use of precise i nstruments of t he actua l  amount of 
e nergy re l eased by an earthquake . 

Massi ve : Descriptive term appl i ed to deposits which are very thi ck bedded and which  l ack structure on 
a sma l l er sca l e .  

Mass wast i ng: Downsl ope movement of earth material  under t he i nfl uence o f  gravity without the aid of 
running water . 

Megafossi l :  Foss i l  vis ibl e without magni fication; inc l udes  c lams a nd sna i l s .  
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Micaceous: Conta i n i ng vis ib le  abundances of m ica . 

Microfossi l :  Fossi l s  vis ib l e on ly with  the use of magn i fy i ng equipment; i nc l udes foramin i fers and rad io­
l arians . 

Mudfl ow : Rapid downslope movement of a mud l ike s l urry of earth materia l . 

Pal agonite : Varico lored hydrated basal t ic  g lass common in basa l ts extruded under wate r .  Frequent ly  
black but weat hers to bright yel low . 

Phaneri t i c :  Term appl ied to igneous rocks i n  which  t he i nd ividua l  grai ns are vis ib le without magni fi catio n .  

P i l l ow lava :  F lows of vo l canic  rock that are made up l arge l y  o f  rounded bodies of l a va which idea l l y  
exhibit  radia l  joint ing as a resul t o f  coo l i ng .  P i l l ow st ructures are i ndicat i ve of extrusion of l ava 
under water . 

Porphyri t ic :  A textura l  term appl ied to igneous rocks which consist of re l ative ly l arge crysta l s  i n  a finer 
gra ined matrix . 

Pyrocl a sti c :  Descript ive term appl ied to vo l canic  rocks derived from explosive vo l ca nic  erupt ions . 

Rad iol arian: A fami l y  of s i l iceous microfoss i l s  indicative of open sea condi tions during the deposit ion of 
t he rocks i n  which they occur . 

Rockfa l l :  Type of mass wast i ng i n  which pieces of rock fal l vert ica l l y or cascade rapid l y  dow n steep 
s lopes . 

Rocksl ide:  Percept ibl e downsl ope movement of rocky material  down moderate to steep s lopes . 

Sandstone : Sedime ntary rock composed primari l y  of grai ns between  1 /1 6  m i l l imeter and 2 mi l l imeters i n  
d iameter . 

Scoriaceous : Descriptive te rm appl ied to vo l canic  rock i n  which the abundance of gas pockets resul ts i n  
a frot hy appearance . 

Sedime ntary rock: Rock formed by the deposition of i nd ividua l  gra ins from a transport ing med ium ,  as 
opposed to igneous and metamorphic  rocks . 

Seismi c i ty :  Perta in ing to earthq uakes . 

S hear p lane :  P lanar surface a long which rock movement or shearing has occurred . 

S i l l :  A tabu lar body of igneous rock t hat is oriented paral l e l  to the bedding of t he surroundi ng rocks . 

S i l t stone : Sedimentary rock primari l y  composed of gra ins l e ss tha n 1 / 1 6  m i l l imeter i n  d iameter, but 
l arger t han c l ay .  

S l ide:  An area that has undergone mass moveme nt . 

S l ump:  A downward movement of earth materia l  i n  response to gravity characterized by backward rota ­
t ion of t he mov i ng material and by moveme nt a long a curved basa l -s l ip p lane . 

Spheroida l weatheri ng: Weatheri ng of massi ve rocks which produces c lose l y  packed rounded bou lders . 
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S tratum : A deposit ional l ayer of rock . P l ural is strata . 

Stratigraphic:  Perta i ni ng to the re lat ive posit ion or age of l ayered rocks . 

Stri ke : Trend of a bed measured on a horizontal surface . 

Stream -bank erosion: Cavi ng and removal of stream banks by streamfl ow . 

Subaerial : Formed , exist ing, or taking place on the earth ' s  surface ,  as opposed to under water , 

Submarine:  Refers to rocks deposited under t he sea . 

Tal us: Uniformly s l oping deposi t  of rock debris at the foot of a steep c l i ff,  formed by rockfa l l  a nd rock 
sl ide . 

Tectoni c :  Perta in ing to the process of mounta in  bui l d ing . Fo l ding ,  faul t ing,  and up l i ft are among the 
processes ge nera l l y  referred to as tectoni c .  

Terrace :  A re l at ively fl at-lying e l e vated surface of former deposition . 

Texture : Refers to those aspects of a rock that ca n be described i n  geometr ic  terms,  i nc l ud ing t he s ize , 
shape , and d istribution of t he const ituent grains or crysta l s .  

Toe of a s l ide : The lower extremity o f  a mass o f  earth that has undergone dow nslope moveme nt . 

Tuff: A rock formed of sma l l  pyroc last ic  fragme nts of vo l canic material  such  as pumice . 

Turbid i te : A strat igraphic unit co nsi st ing of th in  l ateral persi stent beds of sarid qeposited by t urb idity 
currents . 

Unconformity : A surface of erosion separating two sequences of strata , The upper sequence i s  sa id to be 
unconformab l e  over t he lower one ,  and a period of erosion i s  inferred to have occurred between the 
deposit ion of the two seq uences . 

Vesicular :  Perta ins to vol canic fl ow rock which  contai ns scattere-:1 gas bubbl e s .  

Vo l ca nic : Perta ins to rock formed by the extrusion o f  igneous materia l  o n  t h e  eart h ' s  surface . 

Vo l ca nic l astic :  Perta ins to sandstones and conglomerates eroded from a vo l canic  terra in  a nd deposi ted 
in adjacent areas . 

Weathering:  A co l l ective term referri ng to any or a l l  of the natural physi ca l , chemica l , a nd organi c 
processes through which  rock  is broke n down to form unconso l idated materia l . 
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Quaternary Terrace Deposits 
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11/t, �and, nnd i'l'(Zuel. 

Stratigraphic Units 

Oligocene to Miocene Sedimentary Rock 
a ...... ter than 5,000 feet of m.,..iiJ<I!- to thin-bedded, 
medium- to dorl<-VT'Qy, tu{ftu::eo• .. •ilt.rtone with IUbord/­
note omoun/1 of ...,ndotone loco/1)1. Tncluder A.torlo atr: 
otrclta ot the b...... of Saddle Mountain and Humbut 
Mountain. 

Eocene Volcanic Rock, Unit-3 
Seu""" thowoond feet of re/oHve/J! (lot-/ylnt btualtic (low 
roclt and pi/low OO.nlto of marine and ouba.,rla/ orltln 
intercalated witlz subordlnote amount• of •ha/low·w<>ter 
vo/con/claotlc 811d/mentary roclt. 

Eocene Volcanic Rock, Unit-2 
At /ecut 15,000 feet of b<osaltic breccia (E,.rllht and 
Blaine quodranlln), submarine baoaltlc flow rock (Saddle 
M'ountotn Qlllldl'llnlle), and sub<u!rla/ flow�n·flow b<18olt 
(Timber quadranlle} Intercalated with subordinate 
amounts of tuffaceous, thln·bedded drtstone. 

Eocene Sedimentary Rock Undifrerentiated 
Seooral thou&<�nd feet of undif(erentitJted, thin-bedded to 
indUtlnct/y bedded, tu(faceotu, uo/canlda�tlc •lllatanf/, 
clay 1llt.tone, and 5anchtone. The sed/menlar:t rock 
occu'l' siTatipaphicaJ/y between th"' th""'e Eocene uol· 
ctJnlc unlt1 and fT<Id"' lat .. raliy into them locallY. Vol· 
CtJnic /nterbed1 are p""'.rent in place•. 

Intrusive Rock 
B....,.l tU, lnh"usiue rock of ltJte Eocl!ne and middle Mioeene 
age inc/udlnl dikes and ai/18 (Ti} and complex a�wclat/on• 
of lntru&iu"' r"Ock and sedimentary rock (Til!), The 
Miocene intrusion• ore re•trict"'d to po.t·Eocene terrain 
and are chr>racterized by " denoe, uniformly ll'lllned 
t""'"""· Eocene intrusio"' commonly contain indUline/ 
phenOCTl'ltl of pyroxene. 

Geologic Symbols 

Faults 
Solid where definite; lon1 dashes where <>PPr<>ximtJtely 
loC<Jted or indefinite; short dtJMies where inf.,rn!.d; and 
dotted where concett1ed. U, upthrown side; D, down· 
lhr"Own olde. 

Contacts 
Solid where definite; ton1 da$he$ where approximate; 
shQr/ do$hes whe""' inf.,rred; and dQ/ted whe""' concealed. 

Horizontal Beds 

Strike and dip of beds or nows 

Rock quarries 
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EXPLANATION 

Uncnn�idated Surficial Units 

Qual.ernary Terrace Deposits 
Dlaucted alluvium consl$tint primarily of poorly oorted 
d/1, aand, and trnt�el. 

Stratigraphic Units 

Eocene Volcanic Rock, Unit-2 
AI /�all /5,000 feet of ba•altic breccia (£nr/�hl and 
B/"1"'1 quadraro6/e1), submnrlne boMJ/1/c (low rock (StJdd/e 
Mountain qutJdrnntle), tJnd IUboer/al (low-on-flow b<ualt 
(Timber quadranrle) /ntercc.ltJ/ed with •ubordlnate 
tJmountl of tuf(ac£ou•, thin-bedded 11111/o.,e. 

Eocene Volcanic Rock, Unit-1 
Approdmate/y 1,000 feet of pillow baoo/1 and zeolite­
unw!nted boM>Itic breccia interco/Med with bedded •ill· 
atont In tht uo/ley bottom• of the Ne1tucca Rluer 
dro/n(ijle. 

Eocene Sedimentary Rock Undifferentiated 
Stt>eMI thoua<�nd (tel of undif(eren/lated. th/n-btdded to 
indl•tl.,ctly bedded, tuf(aceoo.u, uolcan/c/,.1/c •ilt•tone, 
cl<l)' 11111/0ne, and sandstone. Thf! "'dlmentary rock 
occul'll ltrllfllraph/co/1)' between th� 1/lrt!f! Eocene uol­
canlc un/11 and trade• laterally /n/o them locally. Vol· 
canlc lnterbed• are pre!W!nl in pltJcu. 

Intrusive Rock 
Balo/1/c lntrutlue rod< of late Eocene and middle Mloeene 
"'" lncludh•t dil<e1 and sill.& (1'1) and complex aotociatlon• 
of /ntrlulue rocl< and ..,dlmenttJry rocl< (Tic). The 
M/oetnf! lntru1ion• are re1tricted to pool-Eocene ten-aln 
and ,,. characterized by a denoe, uniformly flralned 
texturw. i:ocene intrusio"" ""mmonly conttJin indLr/inc/ 
phenocryJt• of pyroxene. 

Geologic Symbols 

Faults 
Solirl wltent definite; long da�hn where approximtJ/e/y 
located or indefinite, short da&hcs where Inferred; and 
dotted where co•wealed_ U, upthrown •id"; D. down· 
thrown •Ide. 

Contacts 
Solid where dtfinile; /ont da•he• where approximale; 
•hort dalhe• where Inferred; and dotted where concealed. 

Horizontal Beds 
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EXPLANATION 

Unconsolidated Surficial Uniu 

Quaternary Alluvium 
t.ow·lylnt nood plain& of the Co/�<mbla River co•ul•tlnt 
of .ond and &Ill; ol&o Include& vooel/y flood plolt1.11 !inlnt 
the lower rea-che• of Big Creek and Gnat Creek. 

Quaternary Terrace Deposits 
Dluected alltwium con&U.tint primarily of poorf)' 10rted 
1ilt, .ond, and trail<!!. 

Stratigraphic Uniu 

Upper Miocene Sandstone 
Approximately 1,000 feel of mauioe, coanur- to 
fine-trained, arkollic a:md1tone pauint up.ectlon into 
wndy •ilt•lone. Thick u.nd&tone lnterbed• are preu111 in 
the Miocene Volcanic Rock near Bradley State Parlt "'"! 
011 Nicola/ Mountain. Subaqoseo<u slump brecciol are 
preunt locally. 

Miocene Volcanic Rock 
Up to /,500 feet of &ubaerial (low-on-flow ball.ll/1 <llld 
1Ubaqueou1, palatonitic breccia• of !u>ll.llltlc compo•IJ/oll, 
S11baeriol flow rock dom/notu In the &outh and ea1t and 
brecciwo dom/rTa/e in the /ower B ig Creek areo. Tl1e ba.oall• 
are petrochemical/)' similar to the \'alllma l)a.oa/1 of 
\Vaters (1961). 

Middle Miocene Sandstone 
SelJf!ral hundred feel of m""sive, m/cacemu, orho•ic 
Mnd•tone and subordinate interl>edded Mndy •ill•lot�e 
Immediately uuder/y/nt the Mlo�et1e Volcanic Hnck. Age 
"q"/v<Jen.,., with the A&toria Formatio" I• Inferred In /he 
Bit Creek drainOJ<e; ate of •mall exPO•ure• it> the 
Cathlomet quadrong/e is leu certain. 

Oligocene to Miocene Sedimentary Rock 
Greater than 5,000 feet of mauilJf!· to thin-bedded, 
medium- to d.ork·troy, tuffaceous >lilt•to11e and fub· 
ordl11al" Interbedded blocky rands/one. Probably incllidu 
A•lori<l·ate &iltdones in the middle reo�hu of Bit Creek. 

Intrusive Rock 
DaM/tic dike• and 1111 of middle Miocene oge. 

Geologic Symbols 

faults 

. . . . . . . .  Solid wheu definite; lont da•hes where approximately 
located or inde(it�ite; 1hort druh"' where lnf-n-ed; and 
dott�d wheu conceo/ed. V, upthrown •ide; V. down­
thrown <Ide. 

Contacts 
Solid where definite; long dashes where approximatfl; 
ohvrt <ia51oe• where ln{errt!d; a11d dolled where concenled. 

Horizontal Beds 

Strike and dip of beds or nows 

Hock quarries 

Geology by John D. Beaulieu, 1972 

Cartography by S. R. Renaud and M. E. Lawson 
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EXPLANATION 

Unconsolidated Surficial Units 

Quaternary Terrace Deposits 
Dluecled ol/uuium consisti.,g primarilY of poorly •orll!d 
dll, 11md. and 11nwel. 

Stratigraphic Units 
Eocene Volcanic Rock, Unit-2 

A t  /ea.t IS,OOO feet of basaltic breccia (f::,rl/lhl and 
IJIB/ne quadrnng/ea), &ubmarine ba&altlc flow roch (Saddle 
Mountain quadrangle), and •ubaerial {low-on-flow ba��olt 
{Timber quadrangle) intei'C<I/o/ed wllh •ubordinale 
omountl of t�<ffoc"ou&, thin-bedded ollt.tone. 

Eocene Sedimentary Rock Undifferentiated 
Sowe/'11/ thousand {..et of undif(enmlialed, thin-bedd�d to 
indllllnctly b<!dded, tuffaceou•. uolc<Jnlcla.tle •ill.tone, 
clay alllltone, and .t�<Jnd.oton.r. The ..,dimen tory rocll 
occUI'I ltrolitrophict!lly l>o:tween the three Eocen<J 1)()/­
eanlc tmlto and grades laterally Into them locally. Vol· 
conic lnterbed• are present In p/oceo. 

Intrusive Rock 
BawWe lntrusl�e rock of late Eocene and middle Miocene 
a11e it� eluding dikes and sills (T/) and complex rJSoociotlons 
of "'truslue rock and scdlmentory roch ('l'lc). The 
Mioce11e lntrus/0111 .,,... "restricted to post-1-:oecne terrain 
and are ehoract<Jrized by o d•m.oe. uniformly 11rained 
textu ..... Eoce11e intru•lons commonly co11/ain Indistinct 
phenocrydt of pyroxene. 

Geologic Symbols 
Faults 

Solid """""' de(lnile; lonl/ da.oh"' whc..., approximately 
located or indefinite; short dllllheo where Inferred; a11d 
dolled where C<Jnceoled. U, up/hrown oide; V, 1fown· 
thrown •Ide. 

Con !.acts 
.�fJ//d ll!loere definite; lo11g dashes wl>ere approximate; 
�horl dasloe1 w�cre inferred; ""d dotted wl•ere """cealed. 

Horizontal Beds 

Strike and dip of beds or flows 

Rock quarries 

Geology by John D. Beaulieu, 1972 

Cartography by S. R. Renaud and M. E. Lawson 
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EXPLANATION 

Unconsolidated Surficial Units 

Quaternary Terrace Deposits 
Dfuected a/luu/um consistinll primarily of poorly •orted 
,lit, l(lnd, and vaud. 

Stratigraphic Units 

Eocene Volcanic Rock, Unit-2 
A t  lea&t 15,000 (eel of b<l$<lltiC breccia (J·.·nrllfhl at1d 
Blaine Quodrani!U), subm<>rini! ba&altlc flow rock (Saddle 
Mountal>t qWJdrang/e), <>nd •ubaerlal (low-on.flow btuaJt 
(Timber quodron,-le) intercai<JI"d with 1ubordinate 
amount• of tu(fac<wu•, thin-bedded .Sitdone. 

Eocene Volcanic Rock, Unit-1 
A.ppro:dmately 1,000 feet of pillow b.uaJI and uolite­
.,..menll!d lxuoltic breccio inti'rcaloted with IH.dded •ilt· 
•toni!! in the uolley bottomr of /he Ni!r/ucco Rlui!r 
dralnaii!. 

Eocene Sedimentary Rock Undifferentiated 
Si!ullr<ll thouwnd fed of undi(ferentiali!d, thin·bi!dded to 
indllllnct/y !J<odded. tuffoceou•, uo/canlci<Utlc riltstoni!. 
cia)' rllldone. and "'"'dMone. The .edimentar:r rock 
occurr draligraphicall)' l>etween the three /,."oce"e uol· 
can/c units a"d gr<Jdi!8 lateral/)' ;,to them locally. Vol· 
conic l"tubedr are present in place&. 

Intrusive Rock 
IJlUDitlc iniTu•IUi! rock of /ale Eocene and middle Mioceue 
are lncludint dike� and •iiU {1"1) "nd complex anoc/ation• 
of /n,.udue rock and lledimentary rock (Tic). The 
Mlo�ne in,.urionr "re rer/rlcted to pOif·Eo�ne terT.,in 
and are characti!rized by " den.e, uniformly grained 
texture. Eocene in,.urionr commonly contain indUtincl 
phenocrysto of pyroxene. 

Geologic Symbols 
Faults 

Solid whue definite; /oug dasheo where approxirnole/y 
located or i'lde(inite; short doMhcs 1uherc Inferred; and 
dolled where concealed. U. uptl>rown •i<fe: V. down· 
thrown oide. 

Contacts 
Solid where definite; long dashi!i where approximate; 
Jlhort d<»he• where in{et'rf?d; and dolled where �onceated. 

Horizontal Beds 

Strike and dip of beds or nows 

Rock quarries 

Geology by John D. Beaulieu, 1972 

Cartography by S. R. Renoud and M. E. Lawson 
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EXPLANATION 

Unconsolidated Surficial Units 

Quaternary Terrace Deposits 
D/uccted ol/uohom cor18/8tintl primarily of poorly 110rted 
�/It, llmd, and gmiH!I, 

Stratigraphic Units 

Miocene Volcanic Rock 
Localized nccumulation.s of maMiue hwa/1 !>reccla (Hum­
bur Mountain and Saddle Mountnin), and basaltic 
pa/ogonlte breccia.. The 1><>11<1lt1 ore pdrochemlcall:Y 
lndUI/ntullhob/e from the Yoklma BMI'Ill (Snovely, 
Ma<:Leod, and Rou. 1969). 

Oligocene to Miocene Sedimentary Rock 
Great£T th<>n 5,000 feel of maulve· to thin-bedded, 
medium· to dcrlt·IT<IY. tutfiJCflolu dlt.tone with •ulwrdi­
nole amount• of 5<>ndstone locally. fttcludel A•torio all" 
.tml<> a t  the bcue of Saddle Mount<>ln 1>nd Humbug 
Mountain. 

Eocene Volcanic Rock, Unit-3 
SII...,Tol thouoond feet of re/oti�e/y !lot-lyl"l ba.oaltlc (low 
roclr 11nd p/1/ow bastJito of mMine and oubaerial origin 
intercalated with oubordinate amo•miR of �he/low-water 
�olcanlclmtk &edimentary rock. 

Eocene Volcanic Rock, Unit-2 
A t  lea./ 15,000 feet of bDsaltlc breccia (Enrigh t and 
BltJtn• quodrang/eo), aubm<rrine bc..,lt/c (low roel• (Saddle 
Mountain Quadranj'/e), and •ubaerltll (law.on·(law b<uall 
(1'/mber QutJdronzie) lntercaltJted with •ubordinate 
amount• of tuffaceau•, thin-bedded •11tltane. 

Eocene Sedimentary Rock Undifferentiated 
Seueml /houwnd feel of �<ndi(feo-entia/f!d, lhin-beddf!d to 
lnd�tlnct/y beddf!d, tuf(tJcf!ou•, oolcanlcltutic o/1/ltonf!, 
clay oiiUtone, and sano»tone. The �ed/meni<�I'J! rock 
occur. •lrati#raphical/y betwf!<!n the tho-ee Eocene vol· 
canlc �<nill and rtradeo laterally In/<"> thf!m loco/ly, Vol­
canic lnterbcdo are pr<!tumt in ploce-. 

Intrusive Rock 
Baoaltlc Intrusive rock of late E<">cene ond middle Miocene 
tJge Including d/heo and si/� (T/} ond comple,Y m•oeitJiiono 
of lntn.uiue roclr and "'d/mentary rock (Tic). The 
Miocene intrusion& uo-e ...,stricted to pool-Eocene ierrcin 
tJnd Qr'i! chtJracterized by " denS��, uniformly grained 
texture. Eocene /ntrusioou commonly c<">nlaln ind�tinct 
phen<">CI'J!d• of pyroxene. 

Geologic Symbols 

Faults 
Solid ouhere definite; long dt�ohe• where pppmximt�tely 
IOCPted or indefinite; short dtJshe• where Inferred: and 
dotted •�here concealed_ U, upthmwn oide: D. down­
thrown 1lde. 

Contacts 
Solid wloere definite; /onJI dtJ�heo wher<! approximate: 
•hort do.U•e• wile"' inferred: and dott�d •�here conceal<'d. 

Horiwntal Beds 

Strike and dip of beds or flows 

Rock quarries 

Geology by John D. Beaulieu, 1972 

Cartography by S. R. Renaud and M. E. Lawson 
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EXPLANATION 

Unconsolidated Surficial Units 

Quaternary Alluvium 
Low-lyi1111 flood plaino of the Columbkl R/uer CO>IS.,tlng 
or ... ,a and silt; also includes .rrauelly noo<l plain• lifllfll1 
the lower reaches nf Bir Cwtek and Gnat Creel<. 

Quaternary Terrace Deposits 
Diuect.,d a/h.wium con&Utinr primarily of poorly sorted 
&/It, oand, a>1d �m>uel. 

Stratigraphic Units 

Upper Miocene Sandstone 
Appnaimately 1.000 teet of ma .. iue. CO<>J"Be· to 
flne-zrained, arkoolc ...,.,dsto>1e passinr upuctlon into 
sandY siltstone. Thick oa>1datone interbeds are pres<mt in 
th" Miocene Volcanic Rock near Bradley !)tate Parlt and 
on Nicola/ Mm.mtuln. Subaqueous slump hl"l!eclas al"l! 
present locally. 

Miocene Volcanic Rock 
Up to 1,500 feet of subaerial now-on-now ba&alt artd 
subaQueous. palagonitlc breccillll of bill/a/tic composition. 
Sub<Wrial now I"Ock dominates in th� oouth and e<Ut and 
breccias dominate in the lower Bill c...,ek area. The baJ>alts 
are pe/TOchem/caliY similar to the Yakima Basalt of 
Watei"O {1961). 

Middle Miocene Sandstone 
S<�""ral hundred fed of maS8iV<'. micaceous. arko•lc 
oand&tone and oubordinate interbedded ...,ndy silt•tone 
immedkltely underlyinr the Miocene Volcanic Rock. Ate 
equ/ual•mee with the Astoria Formation Is Inferred In the 
Big CNek drainaze; aze of small exposures In the 
Cathlamet quadrongle ill le&s certain. 

Oligocene to Miocene Sedimentary Rock 
Greater than 5,000 feel of mllllsiue· to thin·bedded, 
medium- to dnrh·JiroY. tuffaceous siltstone and sub­
ordinate interbedded blochy sandstone. h-obably indude• 
Astoria-age s/llstor�es in the middle n?acbe• of B it c,..,ek. 

Intrusive Rock 
BaJIIlltic dikes and sill of middle Miocene age. 

Geologic Symbols 
Faults 

Solid wbe,.., def/ntte: long dashes whe"' approximately 
located or indefinite: short da&hes where lnfen-ed; and 
dotted whe,.., concealed. U. upthi"Own aide; D. down· 
thrown •Ide. 

Contacts 
Solid where de(l.,/tc; lung dash"s where approJ<imale; 
short dash<!& whe,.., inferred; and dotted wbe"' concMied. 

EB Horizontal Beds 

_L_ Strike and dip or beds or flows 

� Rock quarries 
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Ba.., mep by U . S .  Geological Survey 

Edited and published by the Geological Survey 

Contool b)' USGS. USC&GS. USCE, �nd Stat� ef O"iM 
lOP<>R••on� 1>'1 mullople• "'etho<ls !tom aen•l pnotog,.pho ••�en 
!943 •r>d 1953 Cultu<Ol •e••�•on ona held cl.e<� \955 

Polyconoc P<CJOC\Ion 1927 Nootn Ame.,con d•lum 
l O.OOO·Ioot B' •0 bas«:� on Oregon cooodon11e orslem, noo tn tone 
I OOO·meler Unove"al Transverse Meocoto< 1<id 11cks, 
zone 10, snown in blue 
Hl"d•<>ii'Ui>y compded from USC&GS chO<ts 

1>151 11954) and 1>152 (1955) 

,. 

HAZARD MAP 

of the 

SVENSEN QUADRANGLE 

SCALE 1·62500 

CONTOUR INHRV�L 50 FEET 
DHUM oS M�AN S£� LEYEL 

O(PIH CU�V£$ IN FLEI-OATUM IS MEAN LOW WAI(R 
SHOO>L,_� SHO�N Ot••ts(N'< !Hl ""Q"�"E UN( OF Ml'" "'C" "'"' 

'"' "E .. CE O>NGl ot toOE 10 ""00"""''' • <[(1 

OREGON 

Map prepared by 
STATE OF OREGON 

DEPARTMENT OF GEOLOGY AND M INERAL INDUSTRIES 

R. E .  C O R C O R A N ,  S T A T E  G E O L O G I S T  

Me<hum<lucy 

ROAD CLASSIFICATION .... 
-- Ligtot-ducy 

UnomprQ<Oed dirt ••••••••• 

=- U S  RO\Jte Q State Route 

' 
EXPLANATION 

D 
0 - 9% Slope 

10 - 24% Slope 

25 - 4 9% Slope 

> 50% Slope 

(Increasing danger of mw;s movement 
with increasing slope) 

4 A • " 

. .  ' 
• � • •  < .. " � -

Mass Movement Topography 

Mudflow 

Potential for Flash Flood 

Stream Bank Erosion 

Geology by John D. Beaulieu, 1972 

Cartography by S. R. Renoud and M. E. Lawson 


	BULL79
	B79_01
	B79_02
	B79_03
	B79_04
	B79_05
	B79_06
	B79_07
	B79_08
	B79_09
	B79_10
	B79_11
	B79_12
	B79_13
	B79_14


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 10%)
  /CalRGBProfile (Apple RGB)
  /CalCMYKProfile (U.S. Sheetfed Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
    /AndaleMono
    /Apple-Chancery
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /CapitalsRegular
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /Charcoal
    /Chicago
    /ComicSansMS
    /ComicSansMS-Bold
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Courier
    /Courier-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /EdwardianScriptITC
    /GadgetRegular
    /Geneva
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Helvetica
    /Helvetica-Bold
    /HoeflerText-Black
    /HoeflerText-BlackItalic
    /HoeflerText-Italic
    /HoeflerText-Ornaments
    /HoeflerText-Regular
    /Impact
    /LucidaHandwriting-Italic
    /Monaco
    /MonotypeSorts
    /NewYork
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /Palatino-Roman
    /SandRegular
    /Skia-Regular
    /Symbol
    /Tahoma
    /Tahoma-Bold
    /TechnoRegular
    /TextileRegular
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Webdings
    /Wingdings
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


